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Flexibility in Application 
Versatility in design... 


packaged 
analog-dig tal 
converters 


Shaft Position to Digital Converters features 
reliability, long life, non-ambiguity and speed 
makes these converters ideal for computers or 
data handling systems where serial read-out is 
preferred. Librascope converters transmit infor- 
mation at almost any rate desired up to | mc and 
in some cases above, and may be multiple time- 
shared, holding extra circuitry to a minimum. 
All units quickly adjustable, syncro-mounted. 
Available in Binary, Gray code or Binary deci- 
mal code as shown in chart below. Special units 
may be designed to your order. 


Write for catalog information. 


RESOLUTION PER 
INPUT SHAFT REV. 


7 digit 128 
13 digit 128 
17 digit 128 
19 digit 128 


0-2000 200 
0- 

0-20,000 200 
0-36,000 200 


BINARY 
CODED 
DECIMAL 


GRAY 8 256 


Precision gearing 


RESOLUTION 
OVER FULL RANGE 


1 part in 128 
1 part in 8192 


1 part in 131,072 
1 part in 524,288 


1 part in 2000 
part in 

1 part in 20,000 

1 part in 36,000 


1 part in 256 


DIMENSIONS 


DIAMETER X LENGTH 


2” 24%," 
2°x3%," 
2” x 41%,” 
28%," 


36" x4,” 
(6 X4% 
Bie” X47%9" 
34,6" x6%" 


Bye" x 1%" 


Life Expectancy: Function of lead current. 
For 13 digit unit @ 2 ma. per brush, life approx. 
5x10* breaks or makes at approx. 126 rpm. 


Shaft Speed: 120 rpm continuous 
Operating temp: —55° C to +75°C 
Shock and Vibration: up to 15 G, 5 to 500 cps. 


Engineers, physicists and mathematicians 
interested in challenging California careers, 
contact Mac McKeague, Personnel Director. 


IBRASCOPE 


COMPUTERS, COMPONENTS AND CONTROLS. 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


LIBRASCOPE, INC. * 808 WESTERN AVENUE © GLENDALE, CALIF 
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the first real advance in electronic multipliers 


New GEDA M-160 permits custom-packaging 
of timer and output sections 


How long have you wished for an electronic multiplier 
that would allow you to package timer and output 
sections at will—easily and accurately—to suit the needs 
of different computing problems? Well, wish no more, 


for here it is—the new GEDA M-160. 
With the GEDA M-160, you can package any combina- 


tion of six sections—timer or output—in a single module. 
Depending upon the requirements of the problem, you 
can obtain five products of one independent variable— 
four products involving two independent variables—or 
three products involving three independent variables. 
And, because output sections need not be matched to 
timer sections, you can interchange them at will with no 
sacrifice in accuracy. 


Conservatively speaking, accuracy of the GEDA M-160 
is 0.02% of full scale—phase shift at 100 cycles is within 


0.5 degrees—and noise output is substantially less than 
that of conventional electronic multipliers. 

The new GEDA M-160 Custom-Packaged Electronic 
Multiplier is one more of the advanced-design and engi- 
neering features which make the GEDA A-14 Series the 
most accurate and flexible analog computers ever avail- 
able. Get the complete GEDA A-14 story today. Write: 
Goodyear Aircraft Corporation, Dept. 913GI, Akron 15, 


GEDA 


ANALOG COMPUTERS 
J 


= 


GOODFYEAR 
AIRCRAFT 


GEDA -—T. M. Goodyear Aircraft Corporation, Akron 15, Ohio 
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NOW ...A MORE COMPACT 
28 VOLT, 100 AMPERE 


tubeless magnetic amplifier regulated 


DC POWER SUPPLY 


“PERKIN! 


24 to 32 Volts Adjustable Range... 
IMMEDIATE DELIVERY! 


This power supply represents the latest 
design thinking of the nation’s top 
specialists in the field. Hundreds of 
these units are now in operation, 
replacing generators and batteries in 
electronic laboratories, industrial 
plants, and military ground radar sys- 
tems, etc., where utmost reliability 
and performance are essential. Over 
15,000 Perkin power supply units are 
in operation in industry today. 


No tubes, moving 
parts or vibrating 
contacts. 


DIMENSIONS 
26%2" Lx17"D 
x17" H. 








Additional 
Specifications: 
Ripple: 1% RMS 

AC Input: 208, 230 or 460V +10%, 3 phase, 60 cycles 

Weight: 230 Ibs. 

MODEL NO. MR917-100XA — also available: specifications same 


as above except output of 9—17 volts DC. 


When you require a power supply, SPECIFY PERKIN, 
for a wider range of standard models and immediate delivery from stock. 





application, write factory on your letterhead or contact 
local representatives listed below. 


PERAIN 


PERKIN ENGINEERING CORPORATION 
345 KANSAS STREET, EL SEGUNDO, CALIFORNIA ® OREGON 8-7215 
Immediate delivery on standard models available from factory and: 
New York area office: Sales and Warehousing: 1060 Broad St., Newark 2, N. J., MArket 3-1454 
New England area office: 46 Amesbury, Lawrence, Mass., MUrdock 3-3252 
SALES OFFICES: Chicago: PA 5-6824 « Philadelphia: BR 5-2600 ¢ Seattle: LA 9000 « 
Minneapolis: MI 6-2621 ¢ Atlanta: TR 6-3020 * Winston-Salem: 4-0750; Charlotte: 
ED 2-7356 « Redwood City, Calif.: EM 9-3354 ¢ Albuquerque: 5-9897 * Phoenix: 
AM 56-0274 * Denver: AL 5-1196 © Euclid, Ohio: RE 2-7444 * Dayton: WA 
Canada: Agincourt, Ontario: AX 3-7011 * Foreign: New York: BR 9-1296. 
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OTHER PERKIN 


STANDARD DC POWER SUPPLIES 


28 Voit Models 





Model 


Volts 


Amps 


AC Input 
(60 cps) 





28-5VFM 


0-32 V 


15-20% 
(24-32V 
range) 


115V 
1 phase 





28-10WX 


24-32 V 


+%r% 


100-125 V 
1 phase 





MR532-15A 


2-36V 


+¥% 


105-125V 
1 phase 





28-15VFM 


0-32 V 


15-20% 
(24-32V 
range) 


115V 
1 phase 





M60V 


0-32V 


+1% 


115V 
1 phase 





MR1040-30A 


5-40V 


30 


+1% 


100-130V 
1 phase 





28-30WXM 


24-32V 


30 


+¥r2% 


100-125V 
1 phase 





28-50WX 


24-32 V 
+10% 


50 


+¥2% 


230 V* 
3 phase 








MR2432- 
100XA 


24-32V 


100 


+¥a% 


208 /230V% 
3 phase | 





MR2432- 
200 


24-32 V 


200 


+ 42% 


u 
208 /230V*% 


3 phase | 1% 





MR2432- 
300 


24-32 V 


300 


+¥2% 


T 
208 /230V% 


3 phase 1% 





MR2432- 








24-32 V 


500 





+ 2% 











' 
208 /230V*, 


3 phase 1% 





*+10%. Also available in 460 V +10% AC input. Will be 
supplied with 230 V input unless otherwise specified. 


6, 12, 115 Volt Models 





Volts 


Amps 


AC Input 
(60 cps) 





6-5WX 


6 
+ 10% 


95-130 V 
1 phase 





6-15WX 


6 
+ 10% 


95-130 V 
1 phase 





6-40WX 


6 
+10% 





95-130 V 
1 phase 





12-15WX 


12 
+ 10% 


} 95-130 V 


1 phase 





115-SWX 


115 
+10% 


95-130 V 
1 phase 





MR15125-5 


15-125 


+1%t 


95-130 V 
1 phase 





G125-25** 





115-125 





25 





+142-4% 





230/460 V 


3 phase 5% 








**Germanium Rectifier Unit 


tincreases to 2% @ 15V. 


ttincreases to4% @ 15V. 
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Published for engineers and technical management men who are responsible for 


the design, application, and test of instrumentation and automatic control systems 





spear PERFORMANCE: The Computing-Control Goal 


W. E. VANNAH of Control Engineering traces the evolution of computing-control, 
the a of this issue, and then relates the material covered in the articles to this new 
concept. He also touches on self-adaptive control, a newer idea coming over the horizon. 


Computing-Control Applied 


Sintering Process 
T. R. SCHUERGER of U.S. Steel uses a simple computer to control hot-spot location. 


Wind Tunnel 
D. A. LIEBERMAN of Askania Regulator uses standard elements for computing-control. 


Airborne Fire-Controller 
R. C. PFISTER and E, E. BUDER of Emerson Electric discuss projectile control. 


Tapered-Sheet Leveler 
P. E. DORNBUSCH of GE uses integrating amplifiers to compute screwdown position. 


Fractionating Column 
H. L. ENGEL of Ramo-Wooldridge uses digital computation for control of a column. 


Background tor Computing-Control 


Characterizing the Process 
E. W. JAMES of du Pont and A. BOKSENBOM of NACA describe techniques. 


How Analog Computing Functions Control the Process 
RUSSELL, McGREGOR, and BURNS of Aro, Inc. cover analog-computer control. 


How Digital Computing Functions Control the Process 
]. W. TIERNEY and Rem-Rand coauthors assay the digital techniques for control. 


Converting Process Information Into Controller Inputs 
R. A. MAZE of Minneapolis-Honeywell joins the process to the computing-controller. 


From Controller Output to Process Actuation 
J. M. SALZER of Magnavox tells what’s involved in using corrective-action signals. 


Two Significant Case Histories 
Statistical Methods for Machine-Tool Feedback Gaging 


D. N. SMITH of Jones & Lamson combines statistics and feedback control to up quality. 


Oppnnining Control of a Batch Chemical Process 
D. P. ECKMAN and I. LEFKOWITZ of Case Institute report results of their project. 


l on next page 2 
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Control Personality—JOHN M. SALZER 


An advocate of computers in control systems who warns against their indiscriminate use. 


What’s New in the Control Field 


Digital computing-control is slated for a big role in tomorrow’s aircraft and missiles. 


Industry's Pulse—What’s the Market for Computing Control? 


Figures vary: optimism prevails among the manufacturers, but the users are holding back. 


New Product Developments 
Integral rotary actuator; torque telemetered via radio; 7-track miniature tape recorder. 


Abstracts of Technical Papers 
Optimizing control; self-contained navigation; EBW Reactor instrumentation; reliability. 


New Books on Control Engineering 
Basic automatic control theory; project engineering of process plants; handbook for EEs. 


10 Shoptalk 293 Bulletins and Catalogs 
14 Feedback 370 Meetings Ahead 





The contents page is one of the last made up in any issue, and it is here 
that we have a chance to rectify any plans gone awry. That's why this 
photo of Alcoa’s 150-in. plate leveler is here. Naturally, we wanted it 
where it belongs—with the computing-control-applicd article on page 141, 
but even with the best efforts of GE and Alcoa the photo came in too 
late. Art director Jack Gordon delayed layout to the last minute and 
then went ahead sans photo. You guessed it: it arrived in the mails 
the ncxt morning, just a shade too late to reverse the go-ahead decision. 
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Model 1167 Pot Assembly slips out for easy access to com- 
ponents. Note independent clutches and fuses for each pot. 


SPECIFICATIONS 


Model 1166 Servo-Set Pot System 


FRAME: 18” x 18” x 26”. Mounts up to 10 Model 
1167 Pot Assemblies (10 pots each). Includes two 
servo motors. 


SERVO CONTROL PANEL: Contains Coefficient 
Selector; “Slew”, “Null”, and “Release” Controls; 
and five ungrounded manual pots. 
POTENTIOMETERS: 

100 Type A Helipots 

Resistance: 50K +5% 

Resolution: 0.008% 

Life: Exceeds 2,000,000 shaft revolutions 
SERVO: Accuracy of Pot Setting: +0.008% typi- 
cal, +0.016% maximum (within 2 turns of wire). 
Setting Time: Less than 3 seconds average; 5.2 
seconds maximum, including release time. 


Beckman‘ 


Ease Computer 


Mfd. by Berkeley Division, Beckman Instruments, Inc. “Ou @ « 


Richmond, California 


This advanced EASE * 
SERVO SYSTEM... 


Sets pots to the 
nearest turn of wire in 
less than three seconds 


The new EASE* 1100 Series servo-set potentiometer 
system permits automatic adjustment of coefficient 
pots to a typical accuracy of +0.008% in less than 3 
seconds average time. There are no dials to adjust, 
no meters to read, and almost no chance for error 
with the simple push-button selectors. 


Heart of the system is a superior clutch design 
(patent applied for), the result of two years’ field 
experience with servo-set pots. The new system uses 
no-drag clutches that disengage completely after 
setting, act independently of each other, and have 
an almost unlimited operational life. Tests show that 
these clutches far outlast the pots. 


The Model 1166 pot system is an integral part of the 
EASE* DO/IT (Digital Output/Input Translator), 
which programs coefficients from punched tape and 
automatically operates and checks the 1100 Series 
computer. 


Model 1166 servo-set pot system is another reason 
why the new Beckman/EASE* 1100 Series is rapidly 
assuming leadership of the analog computer field. 
For complete information on the computer and its 
components, please write Dept. L-9. 


Servo Control Panel. 
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J. G. ZIEGLER, Pacific Coast Sales Engineer, a member of 
the Taylor Team of Instrumentation Scientists, is known 
internationally in his field. Together, the well-known 
team of Ziegler and Nichols have collaborated on such 
published papers as “Optimum Setting for Automatic 
Controllers,” “Industrial Process Control,’ “Dynamic 
Accuracy in Temperature Measurement,” “Valve Char- 
acteristics and Process Control,’ and many others. 


N. B. NICHOLS, Chief Engineer, Taylor Instrument Com- 
panies, also has an international reputation as an in- 
strumentation scientist. He was called to MIT during 
the war to work in the servomechanisms laboratory 
and later as group leader of the fire control division of 
the radiation laboratory. He edited a book on servo- 
mechanisms, and along with John Ziegler has authored 
a number of papers on the science of process control. 


ring your problems to these to 


GEORGE E. HOWARD, Manager of the important Applica- 
tion Engineering Department of Taylor Instrument Com- 
panies, has had over 20 years experience in the design 
and application of engineered control systems, special- 
izing in the Chemical, Petroleum and Textile Industries. 
During World War II Mr. Howard trained Government 
personnel on instrument operation and maintenance at 
the Government’s Oak Ridge Atomic Energy Plant where 
Taylor was the prime contractor on instrumentation. 
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RICHARD N. POND, Vice President of the Instrument So- 
ciety of America and a member of the Executive Board, 
has served the society in a variety of capacities since he 
first became active in the St. Louis chapter in 1946. He 
was secretary, and later chairman, of the committee on 
Instrumentation for Production Processing. He is a Di- 
visional Sales Manager for his company, specializing in 
Oil Refining, Petrochemicals, Brewing, Power, Rubber 
and Plastics. 





E’RE FIELDING our first team at the ISA Show in Cleveland. 
There will be 27 top Taylormen there—the 4 shown and 23 


listed below. We’re proud of the ability and experience of this team. 


They’ll be there—with headquarters at Booth 949-955—to put their 
skills to work on your own specific instrumentation problems. These 
men, drawn from our application engineering and sales departments, 
take to the show broad backgrounds of successful experience in the 
solution of instrumentation problems throughout the processing 
industries. They will be there only because you are going, too—so, 
why not stop by and put them to work on your plant’s problems? 

These men are typical of the world-wide Taylor sales and engineer- 


ing organization that stands ready to help you with your instrumen- 


tation problems. Taylor Instrument Companies, Rochester 1, N.Y., 


and Toronto, Canada. 


aylormen at the |SA Show! 


U 


. Gilman 

. C. Gray 

. T. Gregg 

. E. Heller 

. W. Maurer, Jr. 
. F. Maurer 

. Decker . G. Olson 

. |. Edelman . E. Rissinger 
. J. Fleig W. H. Seaver 

. L. Forward H. W. Stoll 

C. Fuzzard C. B. Tibbits 


E. B. Sutherland (V-P, Taylor-Emmett Controls) 
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FISHER 
ELECTRO- 


TYPE 340 


Recent trends toward electrical control loops have created a 
need for final control elements capable of utilizing their greater 
sensitivity and speed. Fisher Electro-Hydraulic Operators are 
self-contained, electrically operated valve actuators, ideal for 
use in such control loops. They produce high performance 
without the use of electronic amplification, utilizing only a 
simple DC electrical circuit to control the hydraulic pilot. The 
pilot systems incorporate no close fitting parts, but use simple 
nozzle-flapper combinations to control hydraulic pressure. 


Two sizes are available. To handle the most demanding control 
jobs Type 350 has a maximum stem thrust of 2000 pounds and 
is available for use on valve sizes 2” to 16” with strokes from 
14” to 3”. Type 340 is designed for the average control job. 
It has a maximum stem thrust of 600 pounds and is available 
for use on valve sizes 2” to 4” with strokes from 7/16” 
to 114”. 


” 


Rugged, simple design plus accurate, dependable performance, 
make the FISHER Electro-Hydraulic Operators the outstand- 
ing electric final control elements available. 


WORLD LEADER IN RESEARCH FOR BETTER PRESSURE AND 








FISHER GOVERNOR COMPANY 
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TYPE 340 
Adaptable to all DC output 
signals 
Requires only zero and travel 
adjustment (both readily ac- 
cessible ) 

Stroking range from 7/16” 
to 114” 


Stroking speed 0.1”/sec. 


@ Resolution sensitivity—0.2 % 


of input range 


Maximum stem thrust 600 
pounds 

Operates on simple DC—no 
electronic amplification 


” Aid 


Valve sizes from 14” to 4 


TYPE 350 


Adaptable to all DC output 
signals 

Requires only zero and travel 
adjustment (both readily ac- 
cessible ) 


Stroking range from 1” to 
Fr 


) 


, 


Stroking speed 0.37”/sec. 
Resolution sensitivity —Better 
than 0.05% of input range 


Maximum stem thrust 2000 
pounds 


Operates on simple DC—no 
electronic amplification 


Valve sizes from 12” to 16” 


LIQUID LEVEL CONTROL 





Marshalitown, lowa / Woodstock, Ontario 


SINCE 1880 
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YOU CAN ELIMINATE 
SATURATION IN YOUR HIGH 
GAIN SERVO-AMPLIFIERS 

WITH FEEDBACK’S NEW 
QUADRATURE REJECTOR 


o, 


; PASSES SIGNAL 


AAG moo | FLA: 
QR-400 Res: 


BLOCKS QUADRATURE 








MODEL QR-400 

SPECIFICATIONS 
Quadrature attenuation: 40 db min 
In-phase attenuation: 6 db max 
Maximum signal: 8 volts rms 
Maximum noise: 10 millivolts rms 
Circuit: interstage of either electron 

tube or transistor voltage amplifier 


Temperature range: 
—55 to +100 Centigrade 


Dimensions: 112” x 1¥2” x 112” 

Package: potted in epoxy resin 
hermetically sealed in 
metal case 


Also Model QR-60 for 60 cps appli- 
cations 


iets PE RR 


For complete specifications, write for 


putin 1997 
FEEDBACK CONTROLS 


Dept. CE 
899 Main Street 
Waltham 54, Mass. 
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computing-control, COMPUTING-CONTROL 

This is how the technique looks to the CtE staff after 
months of work on the present issue. And we bet you feel 
the same way after you've read it. As you may know by now, 
we intended the feature section to consist of an integrated 
series of articles on the design and application of computing- 
control systems. But we never expected there’d be so much 
supplementary material to back up the features and give us 
a truly themed issue. Here are just a few examples of “timely 
stories CtE’s staff gathered for this issue: 

What's New (starting on page 26), carries articles on: 
“Digital icccsters Earn Their Wi ings’—a comprehensive 
coverage of who’s doing what in the airborne digital com- 
puter field; “Largest Steerable Radio Telescope” . . . positioned 
to 12 min of arc by computing- controlled servo system—a 
brand new development in England; “British Study Com- 
puting Control’”—which points out that the status in the 
U. S. and England is about on a par; and “New Digital Com- 
puter for Process Control” —the details of the Ramo-Woold- 
ridge computing-controller program. 

Another section, Industry’s Pulse, poses the question, 
“What's the Market for Computing-Control?” and shows 


that the status of the market fluctuates, depending on who 
you re talking to. Of course, this doesn’t mean the technology 
itself isn’t firming up; it is. But no composite market figure 
exists; those in Pulse are CtE-surveyed. 

Also affected “4 our all-pervasive theme is Control Per- 


sonality, (page 25) , which this month spotlights John Salzer, 
ardent disciple of caneilieg: -control. He also happens to be 
the author of one of the articles in our 79-page feature sec- 
tion. It seems that wherever you start reading, you'll meet 
our theme. Well, we planned it that way. Have fun. 


How About Next Year? 


The major force that keeps us on the straight and narrow is 
reader commentary. Let us know what you think of this issue 

(and others to come, too). You might also send along your 
es on what you think we should do about September 1958. 
Believe it or not, that problem comes up for us in a month 
or two, because it takes a long time to generate a good inte- 
grated issue. Your suggestions will help us make a decision. 


Derek Gets Into Gear 


In an amazingly short time, Derek Barlow (European 
editor of CtE) has started a steady stream of good material 
flowing across the Atlantic. Chances are you've already noticed 
his items sprinkled throughout What's New, but keep a look- 
out for his first major feature, “A First-Hand Report on 
Control in British Steel’, in the next issue of CtE. 





NEWEST SUCCESS STORY IN THE 
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Model 301 
ALL-TRANSISTOR DC AMPLIFIER | ee 


a“ Merde rty 


for millivolt recording! ae ry 
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t Basic Unit Price $315.00 








INow, the range of the reliable time-saving “recti/riters,” recti- 
linear galvanometric recorders, is extended to millivolt sensitivities 
by the addition of the new Model 301 DC Amplifier. Record 10 
millivolts to 100 volts by direct attachment to the “recti/riter” or 
any galvanometric recorder having input characteristics of 1 ma 
input and approximately 1500 ohms resistance. 

A true multirange recording voltmeter, the Model 301 Ampli- 
fier features the use of transistors throughout instead of vacuum 
tubes, and an electronic system of modulation instead of noisy, 


troublesome mechanicai choppers. INDUSTRIAL OR MULTIPLE USE—two 


‘ ” ” ” . . horizontal DC amplifiers in standard 

a = ext 14 4 " f P rs in standar 

The compact (2”%" x 7 2X 10") Model 301 provides DC 19-inch relay rack with DUAL “recti/ 
amplification with AC stability—covers range from 10 mv DC riter.” Seven vertical amplifiers may 
be mounted across the rack in a 


full scale to 100 volts in 12-step selection—transistors eliminate Pr 
similar manner. 


bulk, give long life and rapid stabilization—either AC or battery 
power operates instrument without modification or attachments— 
available in horizontal or vertical form for optional desk, panel, 
or integral recorder mounting. 


; j 


etauied , 


v1 f 
Write 


For further a 


or contact your TI representative 


TEXAS INSTRUMENTS 


INCORPORATED ». 
INDUSTRIAL INSTRUMENTATION DIVISION PORTABLE USE — Amplifier fits rack 


3609 BUFFALO SPEEDWAY * HOUSTON, TEXAS * CABLE: HOULAB attached to SINGLE “recti/riter” to 


Formerly: HOUSTON TECHNICAL LABORATORIES ee Sage eaaydoaeny eam. 
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NOW, Control Speed to 0.17 


GENERAL ELECTRIC’S ROUND-CHART RECORDER GIVES YOU 








PNEUMATIC 


FLOW “a” VALVE 











O] FLOW "B" | 


POSITIVE DISPLACEMENT METERS 
WITH TACHOMETER GENERATORS 





BLENDING SYSTEM — RATIO 


RESTS 


PERCENT DRAW 


HE RECORDER-CONTROLLER—Versions of this 
instrument can fulfill every speed measurement 
requirement of continuous process industries. 


4 STORAGE CHAMBER 


EXTRUSION 
PUMP MOTOR 


TACHOMETER 
GENERATOR 
- Zz SPEED 
SPINNERETTE } / DEVIATION 
RECORDERS 


TACHOMETER 
GENERATOR 
"as 


FIBER SPINNING — DEVIATION 





with a Low-cost D-c System 


FREQUENCY-SYSTEM ACCURACY AT MUCH LESS COST 


NOW ... General Electric offers a d-c speed measure- 
ment system that provides the high accuracy usually 
associated only with a frequency type measuring 
system—at much less cost! 

ACCURACY TO=+0.1%—General Electric’s speed 
measurement system—a combination of one or more 
Type HE Recorder-Controllers and one or more Type 
5BC46 Tachometer Generators—provides accuracy 
as high as + 0.1% for measurement of speed variables. 
MAXIMUM SYSTEM ACCURACY —The extremely high 
accuracy of General Electric’s speed measurement 
system is possible because of the HE Recorder-ta- 
chometer generator combination. General Electric’s 
tachometer generator (Type 5BC46) is a vital com- 
ponent of the precision system. And—for maximum 
accuracy in continuous process applications—the 
General Electric tachometer generator should always 
be used with the HE Recorder-Controller. 


SIX SPEED VARIABLES—Continuous process manu- 
facturers can fulfill every speed measurement require- 
ment with the General Electric system. This broad 
application is possible because the General Electric 
speed measurement system will measure six speed 
variables. They are: (1) direct speed (2) speed dif- 
ferential (3) speed ratio (4) speed deviation (5) ex- 
panded-scale precision speed, and (6) time in process. 


MEASURES OTHER VARIABLES—lIn addition to pro- 
viding accurate speed measurement, the General 
Electric HE Recorder also measures, records, and 
controls: temperature, pH (acidity), power, volts, 
amps, viscosity, tension, and gas analysis. 


For further information, write to Section 58/-9, 
General Electric Company, Schenectady 5, N. Y., or 
contact your nearest General Electric Apparatus 
Sales Office. 





@ high production and reduction 
of scrap because of accurate 
measurement 

@ reduced maintenance and re- 
duced operating expense 

@ sustained accuracy and preci- 
sion measurement 





GENERAL ELECTRIC’S HE RECORDER OFFERS THESE BENEFITS 


@ continuous, dependable opera- 
tion—even at 125F ambient 


@ increased chart readability and 
simplified chart changing 


@ continuous standardization, at 
no additional cost 
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WHEN THE NEED 
1S TO KNOW...FOR SURE 
SPECIFY STATHAM 
Accelerometers 
Pressure Transducers 
Load Cells 


Catalog, complete with prices, 
available upon request. 


LABORATORIES 
LOS ANGELES 64, CALIFORNIA 
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Check your memory 


To THE Epiror— 

I would appreciate very much your 
letting me know if you have published 
works on the utilization of mechanical 
and electronic data processing in busi- 
ness administration and research op- 
erations. 

Paul Gothier 
Liege, Belgium 

We sure have. Here is a list: 
1. “How Input/Output Affects Per- 


formance”, J. Gibbons, July ’57. 


2. “How the Four-Tape Sorter 
Simplifies Storage”, R. G. Canning, 
Feb. ’57. 

3. “What to Consider When You 
Buy Electronic Data Processing”, 
C, E. Faulkner, Nov. ’56. 

4. “Programming Business-Data 
Processors”, G. W. Hopper, Oct. 756. 

5. “Controlling a Business Process”, 
R. G. Canning, Sept. ’56. 

6. “Processing Business 
C. W. Adams, June 56. 

7. “Data Processing and Inventory 
Control”, E. D. Lucas, Sept. 755. 

Items 1, 2, 4, and 6 are available at 
25 cents per reprint. Several others 
will appear in a special bound volume 
of 14 reprints covering the application 
of digital equipment and devices. The 
volume will be available about Octo- 
ber of this year at a single-copy price 
of $3.00. Ed. 


Data’’, 


For the record, tape unit searches 


To THE Fprror— 

Mr. James Gibbons’ article, “How 
Input/Output Units Affect Data-Proc- 
essor Performance,” published in the 
July 1957 issue of Conrrot ENcr- 
NEERING, was very interesting. How- 
ever, I would like to make several 
additions and corrections. 

The magnetic tape unit comparison 
Table IV, did not mention the ability 
to search—an extremely important 
point in any tape system. Both the 
ALWAC III-E and the ALWAC 800 
can search in different modes. 

In the ALWAC III-E two search- 
ing modes are available with the search 
keys in their respective comparing 
registers: 

1. Compared with the first word 
of tape block (record) for greater than 
or equal to. 

2. Compared with the last four 
bits (hexadecimal digit) of the first 
word of equality. Note that 15 of the 
tape units may be searching for 15 
different numbers simultaneously as 
well as reading or writing a 16th. 


In the ALWAC 800 three search- 
ing modes are available with the 
search keys in the A register and the 
sign position considered as the least 
significant: 

1. File maintenance (search on 
inequality )—compared with first word 
for greater than or equal to. 

2. Table lookup (search on equal 
ity )}—compared with the first word of 
block that is greater than and then 
tape reversed and first word of block 
compared for less than or equal to. 

3. Classification (search on 
flag)—each nonzero digit of the 
search key compared with the corr 
sponding digit of the second word of 
the block. 

The DATATRON can also search 
for preassigned block addresses. Cot 
rections to Table IV are: 

1. Maximum number of units on 
line for ALWAC III-E is 16, and 

2. Rewind speed is over 500 in./sec 
on both ALWAC computers. 

The following are additions and 
corrections for the remainder of the 
text: 

1. The ALWAC 
WAC 800, as well as the DAT % 
TRON, use punched paper tape as 
input-output media; however, only the 
III-E and 800 are completely alpha 
numeric. 

The ALWAC computers utilize 
IBM punched cards as input-output 
media. 

The ALWAC computers 
tach a high-speed printe1 
lines per minute). Note 
ALWAC III-E is the only 
speed computer able to 
this. 

4. The ALWAC computers may 
be completely buffered on input-out- 
put, allowing such operations as simul- 
taneous reading and punching. 

5. The control half of the ALWAC 
III-E card buffer plus the plugboard 
can do everything the Cardatron can 
do with one format band with the 
additional advantage of interchanging 
digits or fields. 

It is hoped that the above informa- 
tion will prove of assistance to you. 
Thank you for your interesting ar- 
ticle. 


code 


IIl-E and A 


can at 
over 600 
that the 
medium- 
accomplish 


Andrew T. Fischer 
ALWAC CORP. 
New York City 


News item stimulates query 


To THE Eprror— 
Will you please tell us where we can 





TALK ABOUT MINIATURIZATION! 


...Giannini has really hatched one this time. 


almost spaceless...almost weightless 


THE “ONE CUBIC INCH” PRESSURE TRANSDUCER 
—so smal] that 93 instruments won’t quite cover this 
ad—packs king-sized performance in its 1”/side case. 

Developed for the Vanguard Earth Satellite, this 
potentiometer output transducer provides a high level 
output proportional to absolute, differential or gage 
pressures to 50 psi. Resolution is better than 300 wires 
(0.33%) and weight is Jess than 3 oz. 


For full details, please write for Data Sheet CHICAGO, ILL., 8 South Michigan Ave. 
NEW YORK 1, N.Y., Empire State Bidg. 
No, 451218, the “Cubic-Inch” Pressure Transducer. PASADENA, CALIF., 918 East Green St. 


G. M. GIANNINI & CO., INC. +» 918 EAST GREEN STREET + PASADENA, CALIFORNIA 
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Gearhead 
Motors 


BARBER 
COLMAN 


permanent magnet type with 
maximum torque output 


from 5 to 10 pound-inches 


RTE TS rumen 


Here are permanent magnet gearhead 
motors that can be used as small actuators 
to drive switches, programming devices, 
camera mechanisms, autopilots, flight 
simulators, and for remote positioning in 
industrial automation. Ideally suited for 
variable speed requirements due to ex- 
tremely stable characteristics over a wide 
range of supply voltage. The standard 
Barber-Colman BYLM motor with gear- 
head, as illustrated, is supplied with out- 
puts up to 1/10 hp and speeds from 
5,000 to 20,000 rpm less gearhead. Gear 
ratios for unit shown are available from 
9.5 to 55,446/1. Maximum torque out- 
put from 5 to 10 pound-inches (other 
type gearheads available with outputs up 
to 500 pound-inches). Send for free 
technical data. 


The complete 
line of 
Barber-Colman 
d-c motors 


... includes both permanent magnet and 
split series types . . . in various mount- 
ings and speeds with outputs up to 1/10 
hp. Ideally suited to power electro-me- 
chanical actuators, switches, and pro- 
gramming devices. Also available with 
gearheads or blowers for special applica- 
tions. Whatever your problem involving 
small d-c motors, let Barber-Colman 
Company engineers help you find the so- 
lution. Write for free Catalog F-4344-4. 


Barber-Colman Company 


Dept. U, 1848 Rock Street, Rockford, Illinois 
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obtain information and literature de- 
scribing the operation of the titro- 
matic analyzer shown on page 24 of 
the July °57 issue of Conrrot ENcrI- 
NEERING magazine. 
A. C. Page 
American Potash & Chemical Corp 
Henderson, Nev. 
Contact the manufacturer, Elec- 
tronic Instruments, Ltd, Richmond, 
Surrey, England, for full information 
on the titromatic analyzer. Ed. 


Where's the switch? 
To THE Eprror— 

We are endeavoring to contact a 
manufacturer of a rotary switch hav- 
ing two poles and up to 50 ways. The 
switch should be capable of rotating 
at up to 100 rpm. 

We believe that you have at some 
time shown such a switch in your col- 
umns, and hope that you will be able 
to put us in touch with such a manu- 
facturer. 

R. C. Lisle 
Bonochord, Ltd., 
Bucks, England 
Here... 
To tHE Eprror— 

We are indeed pleased to confirm 
that we manufacture a wide variety of 
motor-driven sampling switches simi- 
lar to the type requested. We can 
supply units having two or more 
poles and from 30 to 200 channels 
of information with or without in- 
tegral drive motors and gear trains. 

Robert Cushman 
General Devices, Inc., 
Princeton, N. J. 


. . . but not here, now 


To THE Eprror— 

Unfortunately, we do not manufac- 
ture such equipment. We have, how- 
ever, manufactured some high-speed 
electronic switching which would sam- 
ple many contacts at 60 cycles per 
second each. Although we have built 
some of this equipment, we are no 
longer supplying this, since it was 
found it was just too expensive for 
normal industrial application. 

H. T. Sawyer 
The Kybernetes Corp., 
Brooklyn, N. Y. 


Terminology grab-bag 


To tHe Epiror— 

Aperiodically I have to express a 
desire to encourage editors to improve 
technical communications by need- 
ling for new and better definitions. 

Why don’t you encourage a subde- 


partment of definition discussion 
within your “Letters to the Editor” 
section? 

I enclose some notions along these 
lines. 

1. Automation: Automatic program- 
ing and regulation of a process. 

A. Automatic programing: perform- 
ing functional operations in a pre- 
determined order, fashion, amcunt 
and duration. 
B. Automatic regulation: Varying 
functional operations to hold prod- 
uct quality constant in spite of varia- 
tions in raw materials, processing 
equipment, and environmental con- 
ditions. 

C. Exceptions: Unfortunately, the 

word “automation” has been appro- 

priated by the automatic materials- 

handling industry to embrace all 

new labor saving transport devices. 
2. Information, intelligence, and data- 
processing systems. 

Man is constantly measuring, decid- 
ing about, and modifying the materi- 
als and forces of nature. To do this 
effectively requires clerical processing 
of a tremendous volume of data, 
usually in the language of numbers, 
because arithmetic is perfectly regular, 
capable of relating very complex con- 
cepts, and can provide an infinity of 
subtle nuances. 

The new automatic data computers 
so greatly extend man’s clerical abili- 
ties as to open wholly new fields to 
man’s control of his environment. 

A. Data computer: A high speed 
automatic moron which combines 
memory, arithmetical ability, ele 
mentary logical, criterion-testing 
and decision-making, ability to 
translate between various data lan- 
guages, plus the ability to check and 
indicate its own malfunctions. 

B. Digital data: Information in the 

form of discrete bits that can be 

counted. 

C. Analog data: Information in the 

form of continuous size that can be 

measured by a scaling comparison. 
J. N. A. Hawkins 

B] Electronics 

Santa Ana. Calif. 

No comment. We publish Mr. 
Hawkins’ suggested definitions be- 
cause they may aid other readers. 
Perhaps Mr. Hawkins would profit by 
submitting his suggestions to ASA 
Committee C85, which is busily en- 
gaged in rounding up terminology that 
will combine the automatic-control 
terminology previously recommended 
by AITEE, IRE, and ASME. Strange, 
the tentative standard terms tabulated 





on April 19 by ASA C85 for study 
do not include automation. Ed. 


To a numerical controller, is an oil well 
just another machine tool? 
To THE Epirox— 

In the February 1957 issue of 
ConTrroLt ENGINEERING, under the 
Abstract section, on page 194, you 
published a review of the following 
report: “Numerical Control of Ma- 
chine Tools” by the AIA-AMEC Nu- 
merical Control Sub-Committee, 
C. B. Perry and B. Gaiennie. 

We would very much like to ob- 
tain a copy of this complete repert, 
and would appreciate your furnishing 
us the necessary information to ob- 
tain such a copy. 

J]. K. McGee 
Gray Tool Co., 
Houston, Tex. 

As we told another reader earlier 
(Ct E, July, p. 12), the material men- 
tioned in our February issue was an 
abbreviated version of the complete 
report, which received mention in a 
news item in our August issue. A 
limited number of these reports 
are available to interested persons 
through: 

Miss Catherine M. Prentice 
Aircraft Industries Association 
610 Shoreham Building 
Washington 5, D. C. 


Dropped dots 
To THE Epriror: 

I would like to thank you for pub- 
lishing my abstract of the Russian ar- 
ticle on reducing nonlinear distortion 
(CtE, June 1957, p. 212). 

However I would like to call your 
attention to a misprint in the equa 
tions. The dots denoting differentia- 
tion have been omitted from K, a and 
B. As a result the equations as they 
appear relate the variables instead of 
their derivatives. The equations for 
reducing nonlinear distortion should 
read: 

tpe-s 

pa =—1 
Michel Mamon 
Brooklyn, N. Y. 


What one word will do 
To THe Eprror: 

I am writing in regard to the article 
“Magnetic Springs for Accelerom- 
eters” by Mr. E. S. Shepard Sr. in the 
June 1957 issue of Conrrot ENcr- 
NEERING. 

I feel that the the article is mislead- 
ing as to what an accelerometer actu- 
ally is. The article states, “For fre- 
quencies far enough above the natural 
resonant frequencies of the sprung 
mass, positioned displacement of the 
seismic mass relative to the frame of 





“We needed a dependablie 
geared synchronous motor 
for accurate chart drive 
on our Monitorecord” 


Sheffield Corporation, Dayton, Ohio 


The new “Monitorecord” by Sheffield Corporation, Dayton, Ohio, 
times and records simultaneous and sequential operational events 
of automatic machines and devices. Capable of monitoring up to 
14 separate operations simultaneously, this instrument provides 
a split-second recording of each operation as the equipment starts, 
runs, and stops. Scribed time lines appear on a strip chart. To 
accurately drive this chart, Sheffield Corporation selected the 
Barber-Colman DY AZ geared synchronous motor. “Plus” features 
of this geared motor include double-supported gear shafts with 
sintered bronze bearings . . . extra large oil wicks . . . helical pinion 
and gear in first step . . . heavy-duty gears and output shaft. If you 
have a design problem involving small motors, let Barber-Colman 
a engineers help you solve it with the exact motor for 
e job. 


FREE HELPFUL DATA SERVICE on the complete line of Barber-Colman small motors, which includes 
unidirectional, synchronous, and reversible motors up to 1/20 hp. With or without reduction gearing 
. + . Open or enclosed types. Expert engineering service available. Write today, outline your problem, 
osk for free data sheets and Catalog F-4271, or see Sweet's Product Design File. 


REVERSIBLE SYNCHRONOUS GEARED UNIDIRECTIONAL 


BARBER-COLMAN COMPANY 
Dept. U, 1248 Rock Street, Rockford, Illinois 


Small Motors * Automatic Controls * Industrial Instruments * Aircraft Controls 
Electrical Components * Air Distribution Products * Overdoors and Operators 
Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 
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COIL CHARACTERISTICS: 


Operating Voltage: 

up to 750 volts D. C. 

up to 440 volts A. C. 60 cycles 
Resistance: up to 50,000 ohms 
Single or double wound 
Operating Current 

0.001 amps. D. C. Minimum 
Operating Time 

0.002 secs., minimum 

0.400 secs., Maximum 


by air from 


PHILLIPS” 


Phillips has the ready answer for controlling 
large numbers of circuits in its Type 2 relay. 
Available in countless variations, contact com- 
binations and coil windings. Type 2 offers a 
large coil winding capacity. This permits 
single and double wound coils and the use of 
copper or aluminum slugs for time delay on 
pick-up and drop-out. Large contact capacity 
permits assemblies of 24 contacts on one relay 
in a variety of types. Choice of single or twin 
contacts using precious metals or snap action 
switches. Type 2 is built from standard pre- 
cision parts with special features included to 
fill specific requirements. 


If any relay problem has you up in the air, 


let the “man from PHILLIPS” help. 


CONTACT ASSEMBLY: 


All forms A through E 
Single or double pileup. 
Code #4 Palladium 
contacts, standard. 
Other contacts available. 


VARIATIONS: 


Plug-in mountings and terminals. 
Slow-operate 
and slow-release coils. 
Taper tab terminals. 
Micrometer screw adjustment. 
Microswitch contacts. 
MOUNTING: Metal enclosures, 
Hermetically sealed. 
Two No. 8-32 
tapped holes, standard. 


HERMETIC SEALS, MULTI-CONTACT, POWER, HERMETICALLY SEALED RELAYS, ACTUATORS 


PHILLIPS 


PHILLIPS CONTROL CORPORATION . . . JOLIET, ILLINOIS 
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the accelerometer is directly propor- 
tional to acceleration of the frame.” 
This relative position is actually an in- 
dication of displacement. An _ accel- 
crometer must be operated below its 
resonant frequency instead of above. 
C. F. Sanders 

Waco, Tex. 


Reader Sanders is right. The para- 
graph under “Theory of operation” on 
page 143 of the June issue should have 
read: “For frequencies far enough 
below the natural resonant frequency 
of the sprung mass, positional displace- 
ment of the seismic mass relative to 
the frame of the accelerometer is di- 
rectly proportional to acceleration of 
the frame. The highest useful fre- 
quency is limited by the resonant fre- 
quency f,, and, for any given f,, by 
the damping between the seismic mass 
and the frame.” Ed. 


She is a smasher! 
To THe Eprror: 

On page 23 of your July issue there 
appears a photograph and a descrip- 
tion of the Elliot Bros. stand at the 
recent British Instruments, Electron 
ics & Automation Exhibition. 

I think that it should be made clear 
that the young lady adding the human 
touch to this highly automatic equip- 
ment appeared there by permission of 
Automation Progress, Britain’s auto 
mation journal. Billed as ““Miss Auto- 
mation”, she attracted a great deal of 
interest. 

E. G. Semler 
Leonard Hill, Ltd., 
London, England 

Our regrets. This was a detail that 
European Editor Barlow failed to ca- 
ble. And she’s a smasher, too. Ed. 


Readers across the Pacific 
To THE Eprror: 

We are attempting to determine if 
information relating to certain direct- 
coupled transistor circuits has appeared 
in printed publications in Japan. These 
circuits are described in the Decem- 
ber 1956 issue of Conrrot Encr- 
NEERING. 

We would appreciate it if you could 
tell us if any copies of the December 
1956 issue were sent to subscribers in 
Japan, and if you could give us a rough 
estimate of the number of copies sent. 

Allen V. Hazeltine 
Philco Corp. 

According to our Circulation Dept., 
272 copies of the December 1956 
issue were mailed to control engineers 


in Japan. Ed. 


AN ALLIED PAPER CORPORATION SUBSIDIARY 
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NEW EPSCO COMPU-CORDER 


FACILITATES 


‘ 


COMPUTER ENTRY 





r-Valeolial-1e 
| =I ot Tere) 
FIRST 


By providing simple, economical magnetic tape entry into 
major digital computers, Epsco’s new COMPU-CORDER 
greatly extends the usefulness of such computing systems. 

An inexpensive, packaged system, the COMPU-CORDER receives and 
gathers asynchronous digital data from several external sources and 
combines them in any selected sequence together with manually inserted 
fixed data and internally generated record numbers. 

The COMPU-CORDER then records the combined digital record of 
information on magnetic tape in exact computer format. Complete flexi- 
bility of programming is provided allowing selection of gap length, tape 
format, and information sequence. 

Internal magnetic storage permits peak data entry rates as high as 
40,000 12-bit words/sec. Average data entry rates are limited only by the 
computer format selected and by the permissible tape packing density. 
Write for further details. 


Epsco, Incorporated, 588 Commonwealth Ave., Reston 15, Mass. 108-03 Queens Bivd., Forest Hills 75, N.Y. 
For service in the West: Epsco Service Corp. of California, 1722 Westwood Bivd., Los Angeles 24, California 
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in PWR, FIRST U.S. full-scale 


AL LECTROSYN SYSTEM 
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{ i Norwood Controls’ Power and 
Temperature Control Panel and 


Auxiliary Instrument Panel (at 
left) are the heart of the PWR 
reactor plant instrumentation and 
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control system. Measurement, com- 
putation, auctioneering, alarm, and 
control functions are performed. 
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DIAGRAM OF POSSIBLE SYSTEM ARRANGEMENTS 
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TEMPERATURE 


Write for descriptive literature on ‘““ELECTROSYN SYSTEMS”’ 
NORWOOD CONTROLS UNIT 
DETROIT CONTROLS 


Division of American-Standard 
CONTROLS 938 Washington Street, Norwood, Mass. 
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If measuring were impossible, 
you'd be 
guessing, wishing, & betting... 


. .. and no matter how confident you were, it would never be good enough . ; ; 
because process plant systems engineering requires measuring, all the way from 
indicating to data logging. 


... and measuring is our backbone. Bailey Meter can offer you over 40 years of 
experience in design and application. And now this experience in measurements 
has perfected a complete line of process plant instrumentation. 


Indicators and recorders, controlling instruments, performance monitors, data 
logging equipment —a complete line of electric and pneumatic equipment for whole 
or partial control and information systems, for partial or complete process plant 
performance. 


Your system will have building block flexibility with Bailey equipment. You can 
add to it as you feel the need, because Bailey uses standardized, compatible com- 
ponents. Our complete line gives you one-source buying . . . one responsibility . . . 
fast service . . . competent field assistance on one instrument or on a complete 
systems engineering job. 


Call our nearest office or write for information today. 


instruments and controls for power and process 


BAILEY METER COMPANY 


1079 IVANHOE ROAD «+ CLEVELAND 10, OHIO 
In Canada— Bailey Meter Company Limited, Montreal 


A complete line of Bailey equipment 
will be exhibited at the 1.S.A. Show 





Another L&N solution to the area regulating problem 


Miami Dispatcher’s Office prepares for closed-loop ope:ction 
on incremental cost-of-delivered power basis. They've ordered... 


New “‘Desired Generation’’ Computer to irtegrate with 
present Florida Power & Light Area Control 


Written by J. F. Springman, Leeds & Northrup Co., for this advertisement 


e Because so many industries are 
building plants in Florida, FP&L 
has taken bold steps to keep up with 
an astonishing load growth: gen- 
erating capability has more than 
quadrupled since World War II. Not 
content with the addition of 800,000 
kw in that period, FP&L’s operat- 
ing people have given the green 
light for installation of the most ad- 
vanced operating tool—a transis- 
torized Desired Generation Com- 
puter. 


A True Computer 

Not only will the new computer 
mastermind automatic control of 19 
units in all eight major plants, but 


it also can be used to solve complex 
load problems as an independent 
unit when disconnected from the 
control system. During the time the 
computer is used for other prob- 
lems the control continues under the 
direction of the present equipment. 
When performing its control func- 
tion, the computer will coordinate 
incremental transmission and gen- 
erating costs using incremental heat 
rate, fuel cost and performance fac- 
tor data. It will also be used to 
determine economic dispatch of 24 
units—97 per cent of system ca- 
pability. Asa result, FP&L’s already 
advanced Area Control will be 
boosted to a technological level ex- 





*AIEE Transactions T9242 “Coordi- 
nation of Fuel Cost and Transmission 
Loss by Use of the Network Analyzer 
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to Determine Plant Loading Schedules” 
by E. E. George, H. W. Page and J. B. 
Ward. 


ceeded by no other utility in the 
world. 


Noteworthy Prediction 

A 1948 board study of the FP&L 
system formed the basis of an AIEE 
paper* co-authored by FP&L’s Man- 
ager of Power Supply, H. W. Page. 
This paper helped pave the way for 
development of dispatch computers 


Continued on page 





A CONTROL PERSONALITY 


| JOHN SALZER decentralizes computing-control 


A research associate at MIT in 1948 had an 
intriguing idea: why not combine his interest in 
digital computers with his interest in controi systems 
to create a common technique for their analysis and 
design? His professors agreed that the concept was 
an interesting one, so John Salzer built his doctor’s 
thesis around the representation of a digital com 
puter as a network element in the control system. 

When the thesis was published in 1951, the con- 
cept was still new, but his research had made Salzer 
a strong advocate of computing-control. At Hughes 
Aircraft Co., later that year, work on an airborne 
general-purpose digital computer changed his slant 
without diminishing his confidence in computing- 
control. As he puts it today, “The idea of control- 
ling all facets of airplane flight and mission by a 
single, central digital computer sounded fine. How- 
ever, it soon became apparent that a better way to 
solve the problem was by decentralizing the com- 
puting tasks.” 

This is the approach Salzer envisions for applying 
computing-control now. He sees “echelons” of com- 
puters. “Just as there have always been echelons 
of control loops, there will be echelons of control 
computers, both digital and analog. You can spot 
the trend even in production control, where com- 
puting-control is developing rapidly. Individual 
digital equipment is used to control a machine tool, 
but another computer—either automatic or human— 
decides which machine tool will do the job and 
when. We know the production process well enough 
not to suggest that a central computer should make 
supervisory decisions and control all the individual 
machine tools in the plant. It could be done but 
it would be very inefficient.” 

In his present position as director of systems at 
Magnavox Research Labs (which he joined in 1954), 
Salzer supervises work in such advanced computing- 
control projects as guidance and range safety systems 
for missile applications and the adaption of digital 
techniques to communication links. Although a 
potent advocate of computing-control, he warns 
against indiscriminate use of digital computers in 
control systems. “There must be real justification 
for inserting a digital computer in a control system,” 
he philosophizes, “and unless the user thoroughly 
understands what the computer can and cannot do, 
he’s likely to have a rude awakening.” 

For the future, computer specialist Salzer sees a 
movement away from large, general-purpose devices 
and toward specialized computers performing indi- 
vidualized tasks, each designed for its own specific 
job. He predicts, “These individual computing ele- 


ments may be digital or analog, and they will have 
to fit into a carefully thought-out pattern for overall 
application.” 

John Salzer himself has followed a tortuous path 
to his present interest in computing control. He 
was born in Austria and moved to Hungary just 
a week later. After high school he earned a living 
teaching languages and working as a furniture up 
holsterer. In 1940, he immigrated to the US., just 
in time to be inducted into the U.S. Army. 

Discharged as a civilian in 1945, Salzer determined 
to get a formal technical education. He enrolled 
at Case Institute in Cleveland, and aided by his 
army training, he was able to earn a BSEE degree 
by the summer of 1947; by June 1948 he had re- 
ceived a MSEE. 

Salzer’s first encounter with computing-control 
happened that summer, when he was working at 
General Electric’s Schenectady Engineering Labo- 
ratories. The problem: to apply an analog computer 
to control a lathe. His prior decision to enter MIT 
for doctoral studies in the fall prevented Salzer from 
going farther with this project than to work up a 
keen interest in the subject. Project Whirlwind 
at MIT gave him a full-blown introduction to digital 
computing and provided the opportunity to explore 
the potentialities of computing-control. 

Today John Salzer is a far cry from the lonely 
immigrant who landed in New York 17 years ago: 
he just finished a year’s tenure as chairman of the 
Los Angeles Professional Group on Automatic Con- 
trol of the IRE and he still teaches night classes 
at UCLA. But two items in his home remind him 
of those early days: one is a U-shaped desk that 
furniture-maker Salzer built to satisfy a long-time 
yearning for “a desk with enough working space” 
and the second is a sofa that upholsterer Salzer fabri 
cated as a hobby far afield from computing-control. 
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| WHAT’S NEW 


Digital computing-control 
stacks up as the most sig- 
nificant development in 
airborne control since the 
invention of the auto- 
pilot. Both the increment- 
al computer and the gen- 
eral purpose computer 
are slated to play a big 
role in tomorrow’s air- 


craft and missiles. 
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L. L. Kilpatrick of Autonetics Div. checks out “brain” of 
missile inertial guidance system, a transistorized DDA. 


Digital Computers Earn Their Wings 


At the Air Force Missile ‘Test Cen- 
ter in Florida one day last spring, an 
X-10 test missile zoomed skyward, lev- 
eled off at its designated altitude anid 
headed southeast towards an island 
target. In AFMTC’s central control 
room, engineers watching the flight 
on radar plotters were wreathed in 
smiles as they saw the missile score a 
bullseye hit on the target. 

For Air Force control specialists 
the test had special meaning: it 
marked the 13th successful flight of 
this missile control system, proof that 
digital computing-control worked in 
the toughest application tried to date. 

The fabulous DDA-—Star performer 
in this test, and the previous 12 suc- 
cessful ones, was a digital differen- 
tial analyzer (DDA), a miniaturized 
special purpose computer developed 
with airborne control systems in mind. 
The computer is connected into the 
control loop as an integral part of the 
missile control system. During a 
flight, the airborne DDA receives in- 
puts from transducers that measure al- 
titude and devices that measure posi- 
tion; it repeatedly solves navigation 
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problems sending outputs to actuators 
that move rudder and elevator mecha- 
nisms to fly the missile to a target pro- 
grammed into the DDA at the start of 
the test. 

But the DDA represents only one- 
half the current effort in computing- 
control for supersonic aircraft and 
missiles. The general purpose com- 
puter is also coming into its own as an 
airborne controller. At the Air Force’s 
Air Research & Development Com- 
mand Headquarters, control engineers 
predict a bright future for digital com- 
puters in both aircraft and missiles 
(see Industry’s Pulse, p. 109). 

The boxscore—Military classification 
precludes any listing of the aircraft 
and missiles that are using digital com- 
puting-control (or will use it) but 
here’s an indication of the activity in 
the control field: 

e Hughes Aircraft Corp. has de- 
signed a computing control system for 
an Air Force Fighter plane using a GP 
computer; the company is now de- 
signing additional systems, one for a 
bomber and one for a missile. 

e Autonetics Div. of North Ameri- 


can Aviation has a transistorized DDA 
in production. 

e Librascope Inc. is spearheading 
Navy development of airborne digital 
computers in control systems with 
miniaturized vacuum tube incrementa! 
computers. One Librascope design is 
now in production for a Navy attack 
plane; both GP and incremental trans- 
istorized designs are under study. 

@ Philco Corp. has built three tran- 
sistorized GP computers (see box) for 
use in the control system of a U.S. 
Navy attack plane. 

e Minneapolis-Honeywell’s Aero 
Div. is studying aircraft systems using 
the Philco computer. 

eIBM is developing both incre- 
mental and GP computers for air- 
borne control systems. 

© Lockheed Aircraft Corp. has an 
extensive R&D project underway in 
digital computing-control. 

e Litton Industries has developed 
an incremental computer which Navy 
researchers are studying for possible 
airborne applications. 

e Ramo-Wooldridge has built a 
small airborne computer which is be- 





ing studied by Westinghouse’s Air 
Arm Diy. 

e Bell Telephone Labs. has devel- 
oped Leprechaun (CtE, Aug. °55, 
p. 34) to conduct research on digi- 
tal computers for real-time control 
applications. 

e At Wright Air Development Cen- 
ter, the Air Force has equipped a fly- 
ing laboratory with digital computing- 
control. 

The first production aircraft to use 
digital computing-control, Control En- 
gineering learned, will be the Navy’s 
Douglas A3D attack plane with a Li- 
brascope incremental computer. Next 
application will probably be a modified 
version of the Air Force’s F-102, 
which will be equipped with a Hughes 
general purpose digital computing- 
control system. 

How it started—From conception to 
production has taken less than 10 
vears. Nine years ago, the Air Force 
first started thinking about airborne 
digital computers. At the time, ana- 
log computers were already established 
as part of the control system of the 
fast post-war jet planes. But the 
USAF was not completely satisfied 
with analog devices particularly when 
they were compared to the digital de- 
vices Just starting to appear. 

First, the analog devices tended to 
Jose accuracy. Planners didn’t feel 
that the accuracy obtainable with 


With flight instructions programmed into the memory of its airborne DDA, this X-10 test 
missile takes off at Patrick Air Force Base to prove accuracy of digital computing-control. 


these computers would be satisfactory 
in the supersonic aircraft that were 
just starting to be designed. Analog 
computers were frequently hard to 
build; frequently required precision 
manufacture and complicated testing. 
And finally, an analog computer 
could be applied to do one function 
only; if you had more problems to 
solve you needed additional com- 
puters. A digital computer, on the 
other hand, was flexible and could 
perform a number of functions on a 
time-shared basis. 

The airborne problem—In 1948 a 
digital computer meant a room-sized 
data processor with thousands of vac- 
uum tubes. The first problem was 
to prove that a digital computer could 
be built small enough to fit into an 
airplane, let alone fit into the control 
system of the craft. 

The handful of engineers studying 
the design problem pictured the com- 
puter solving a number of navigation 
and control problems over and over 
again as a flight progressed. They 
finally decided that an airborne com- 
puter didn’t require a large capacity 
memory because the number of para- 
meters and number of digits to be 
stored was low. And since the com- 
puter wouldn’t solve a problem just 
once, (it would solve the same prob- 
lem repeatedly) it was possible to cut 
down the amount of checking cir- 
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Innards of airborne DDA ire designed to 
withstand mechanical shocks. 


cuitry and equipment required. En- 
gineers hypothesized that if the com- 
puters “dropped a digit” one time, it 
would correct the error the next time. 

Working on this basis, Northrop 
came up with the digital differential 
analyzer concept in 1950. The first 
unit was a 22 integrator computer 
that occupied six cu ft in volume, 
a size that appeared to have sufficient 
capacity to solve navigational prob- 
lems and was still small enough to get 
off the ground. 

Progress with the DDA—Northrop’s 
DDA solved problems by numerical 
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SEMI-CONDUCTOR 
DUAL VOLTAGE 
REGULATED PQWER SUPPLY 


2SC-30-1.5 


for Transistors 


and Strain Gages 


A NEW COMPACT, LIGHT WEIGHT UNIT FEA- 
TURING TWO INDEPENDENT REGULATED VOLT- 
AGES WITH HIGH EFFICIENCY, FAST RECOVERY 
TIME, GOOD STABILITY, LOW OUTPUT IMPE- 
DANCE, LOW HEAT DISSIPATION, AND SHORT 
CIRCUIT PROTECTION. 


OUTPUT #1 


OUTPUT VOLTAGE DC: 0-30 volts continuously variable. 

OUTPUT CURRENT DC: 0-1.5 amperes continuous duty. 
REGULATION: In the range 0-30 volts, the output voltage varia- 
tion is less than 0.02 volts for load variation from 0 to maximum 
current, and less than 0.02 volts for line fluctuation from 
105-125 volts. 

RIPPLE VOLTAGE: Less than 3 millivolts RMS. 

FUSE PROTECTION: Input and output fuses on front panel. 


OUTPUT #2 


OUTPUT VOLTAGE DC: 0-30 volts continuously variable. 

OUTPUT CURRENT DC: 0-1.5 amperes continuous duty. 
REGULATION: In the range 0-30 volts, the output voltage varia- 
tion is less than 0.02 volts for load variation from 0 to maximum 
current, and less than 0.02 volts for line fluctuation from 
105-125 volts. 

RIPPLE VOLTAGE: Less than 3 millivolts RMS. 

FUSE PROTECTION: Input and output fuses on front panel. 


RECOVERY TIME: Less than 50 microseconds. The excursion in 
the output voltage during the recovery period is less than .05 
volts for line fluctuations from 105 to 125 volts or load varia- 
tions from 0 to maximum current. 


STABILITY: The output voltage variation is lesss than .05 volts 
for a period of 8 hours. 


OUTPUT IMPEDANCE: Less than 0.1 ohms from 1KC to 100KC 
Less than 0.01 ohms from DC to 1KC. 


POWER REQUIREMENTS: 105-125 volts, 50-400 cycles. 


OUTPUT TERMINATIONS: DC terminals are clearly marked on the 
front panel. All terminals are isolated from the chassis. Either 
positive or negative terminal of each DC output may be grounded. 
A terminal is provided for connecting to the chassis. The DC 
terminals are also brought out at the rear of the unit. 


PHYSICAL SPECIFICATIONS: Height 7”, width 19”, depth 11”, 
color gray hammertone. This unit is designed for relay rack 
mounting or bench use. Carrying handles are provided. 


METERS: Voltmeters: Two 0-30 volts, 244” 
Milliameters: Two 0-1.5 amperes, 242” 


CONTROLS: Power on-off switch; outputs 1 and 2 DC on-off 
switch: outputs 1 and 2 ten turn voltage controls 


SEND FOR BROCHURE B-576 — SPECIFICATIONS ON 
NEW MAGNETIC, TRANSISTOR AND TUBE 

VOLTAGE REGULATED POWER SUPPLIES AND 
SEMI-CONDUCTOR DC TO DC CONVERTERS 


KEPCO LABORATORIES, INC. 
131-38 SANFORD AVENUE + FLUSHING 55, N.Y. + INDEPENDENCE 1-7000 
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WINGED COMPUTERS 
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integration. Its inputs were incre- 
ments rather than whole numbers. 


Tests showed that it was more adapt- 
able to control systems work than a 
GP computer, as long as there were 
no discontinuities in the inputs be 
cause the DDA cannot change 
abruptly. 

The next big step in DDA de 
sign was brought about by the intro- 
duction of transistors. The Auto- 
netics Div. of NAA built the first 
transistorized DDA in 1955. The 
use of semi-conductor devices cut its 
size in half. 

The differential analyzer that flew 
in the X-10 missile tests occupied 
only 3 cu. ft., weighed 145 pounds 
and consumed 100 watts, just one- 
twentieth of the power required by 
its vacuum tube predecessor. The 
computer handles 93 distinct integra- 
tions and generates (in an incremental 
manner) continuous solutions of trigo- 













Philco’s H. A. Affel 


(left ) 
Pond 


and C. C; 
with the 


TRANSAC C-1100. 


nometric functions and 
equations. 

General Purpose research—While 
engineers were making giant steps in 
the development of incremental com- 
puters, still others were tackling the 
general purpose devices, a tougher nut 
to crack. Although the DDA showed 
tremendous potential in navigational 
control applications, aircraft designers 


differential 





could see applications that were be- 
vond the capabilities of the incremen- 
tal equipment. Example: the general 
purpose computer is more versatile; 
it can be programmed to solve any 
problem while the DDA.can handle 
slow changes only, computing in 
“jumps”, so that it has been called a 
“a digitized analog system”. In addi- 
tion, if you want to solve many differ- 












An Airborne GP Computer 








Compared to a general purpose digital computer 
built for data processing, the airborne GP is pint-sized. 
Transistorized to save space, improve reliability and 
reduce power requirements, the airborne computer iS 
designed for high mechanical strength; it can with- 
stand extreme temperature ranges, operate at high 
speeds and rely on small memory storage. 

l'ypical of the GP equipment that has been de- 
signed for airborne computing control is the Philco 
I'RANSAC C-1100 computer. Incorporated into the 
control system, it serves as an intermittent transfer 
element, ‘optimizing navigation, cruise (fuel manage- 
ment) and weapons fire control functions. 

The computer consists of six main functional units: 
1) Input/output sections, 2) Arithmetic section, 3) 
Control section, 4) Core memory, 5) Drum memory, 
6) Power supply and control box. 

Despite its small size—3-cu.ft. volume, weighing 
about 160 Ibs—, the C-1100 still has two memories. 
One is a drum memory for program storage; the other 
is a core memory for “‘scratch pad” storage during and 
between computations. 

From a design standpoint, it is an Asychronous, 
parallel (for high speed) stored program computer 
intended for real time control systems. Philco reports 
it can perform as many as 1,300 arithmetic opera- 
tions during its program cycle of 33 milliseconds. 
Short routines can be repeated on the drum to shorten 
sampling interval and increase bandwidth of the con- 
trol system. For example, one common navigation 
problem, involving a conversion from rectangular co- 


ordinates to spherical coordinates in three dimensions, 
takes 3.4 milliseconds; this operation can be repeated 
to give a sampling rate as high as 300 samples per 
second. Other operation speeds: 


Addition 25 microseconds 
Subtraction 25 microseconds 
Multiplication 75 microseconds 


Division 
Square Root 


75 microseconds 
75 microseconds 


Absolute Magnitude 25 microseconds 
Signed Magnitude 25 microseconds 

Flexibility is another important design criterion. 
The C-1100 can modify its own program or constants 
depending on the results of the program—a feature 
particularly important in military combat aircraft 
whose ontrols are subject to damage which would 
cause them to exhibit abnormal characteristics. It can 
handle sudden changes in input data resulting from a 
switch in operating mode such as going from gyro 
input to celestial fix in a navigation system. And the 
computer is suitable for multiplexing among different 
functions such as autopilot, navigation, fuel manage- 
ment and weapons control. 

The computer has an operating precision of 19 
binary digits (one part in 1,000,000). In operation, 
input data received by the input section is converted 
to parallel binary form and transferred on demand to 
the arithmetic section. Outputs, usually control 
signals, are read out by the arithmetic section to the 
output section where they are converted into appro- 
priate actuating signals. 
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: _~__| WINGED COMPUTERS .. . 
; ; STORY STARTS ON PAGE 26 
ent problems, the DDA requires a 


redundancy of equipment, needing 
additional integrators and memory 
units. A final advantage is that the 
GP computer can be set up to modify 
its program if the aircraft controls 
should be damaged by enemy action 
or malfunction. 


8 Because the GP computer is capable 
ver 50 000 / erent au es of making decisions on tests built into 
v it, the Air Force has evolved its cen- 


tral computing concept around it 
to meet one computer solving navigation, fire 

control, fuel control and “shortest 

way home” problems on a time-shared 


every basis. It is to be the “brain of the 


automatic take-off to touchdown” 
= req u i rem ent | manned airplane. The DDA is being 
al reserved for contro] applications that 
ww . : 1 
require only the solving of differential 
equations (such as in inertial guid 
ance systems in missiles). 
History of the GP—For a while it 
looked as if the GP computer would 





classification—in every price range—you 
can’t beat usc for value. usc has a line 


to meet every price and performance never fly. It wasn’t until 1954 that 
requirement. Hughes Aircraft built the Digitac, a 


SUPERGAUGE® LINE— With proper computer small enough to be loaded 


“aes , on a plane. It wasn’t connected into 
INDUSTRIAL GAUGES application, USG Supergauges will last the chao system: Digit ic Ss func tion 


a lifetime. usc Supergauges are world was to prove that it was possible to 
famous in process control for their get a GP digital computer off the 
ruggedness, dependability and ground in an airplane. 

enduring accuracy. Just as in DDA development, the 


next big stride involved transistors 
sana CAST CASE LINE—For 5 the transitorization of Digitac. It’s 
t ose app cations where heavy duty service this transitorized version that will be 
requirements do not demand the high incorporated into the new F-102, the 


accuracy of Supergauge construction. Air Force’s first production aircraft to 


DRAWN STEEL CASE LINE—The use digital computing-control. 

. 7 In 1955, the development of Direct 
outstanding value m the low cost general Coupled Transistor Logic circuitry at 
purpose and domestic heating gauge field. Philco Corp, permitted an additional 

USG gauges are installed on 6 out of 10 improvement in airborne general pur- 
original pieces of equipment. . . the pose computers by reducing the num- 
selection by so many buyers who demand ber of components required. Philco 
both quality and economy being proof built the C-1100 using only 3,900 
of usG values. transistors, 2,300 resistors and 280 

For help with your gauge problems, call apr.  — 
the nearest usc Distributor... his name | Commercial liner potential At this 
is in the yellow pages of your phone book | stage of technology; digital computing- 


J | control is set for a big future in mili- 
... or write the factory. 2s. | tary aircraft and missile. But there’s 


Inquire at the ISA Show, Booth 946-1029 vatewteges'|| | a Cifference of opinion when it comes 
to talking about applications in com- 
mercial jet airliners. 
UNI TATES GAUGE Airframe manufacturers will tell 
| you that computing-control is too 
expensive today for commercial air- 
Division of American Machine and Metals, inc. line operators. Miniaturization tech- 
Se Sellersville, Pa. | niques and design to withstand tem- 
perature extremes have made digital 
MORE THAN 50,000 TYPES OF GAUGES + SUPERGAUGES + SOLIDFRONTGAUGES + RECEIVERGAUGES » Test | COMputers uneconomic for airline use. 
GAUGES * RECORDERS * CONTROLLERS + TRANSMITTERS » PSYCHROMETERS » AVIATION INSTRUMENTS | And finally, the announced jetliners 


RECORDERS 


30 CONTROL ENGINEERING 





—Douglas’ DC-8, Boeing’s 707 and 
Convair’s 880—don’t travel fast enough 
to require computing-control. It may 
be required on the next generation of 
commercial transport that travel at 
speeds greater than 1,000 mph,—at 
least ten years off according to one 
estimate. 

But at least one computer manufac- 
turer, Philco Corp., argues for com- 
puting-control on the current crop of 
jetliners. Philco claims that digital 
cruise control on a jet liner would 
almost pay for itself in fuels savings on 
just one long nonstop trip such as 
between Los Angeles and New York. 
The cruise control would optimize 
fuel efficiency, says Philco, by putting 
the airliner in the best jetstream for 
a particular trip, making sure the 
plane gets into the jetstream and 
computing the time to leave the jet- 
stream to start the approach to land. 

The Air Force has some evidence 
to support Philco’s thinking. At 
Wright Air Development Center, the 
Air Force has conducted a variety of 
tests with a digital cruise control and 
found extensive savings were made 
possible by its use. 

Other Digital Devices—To those 
working on digital computing-control, 
one of the biggest headaches is the 
lack of digital input and output equip- 
ment. All digital computing control in 
use today has to rely on analog to digi- 
tal converters and then digital to ana- 
log converters. One of the biggest 
areas of research now is to develop 
new input-output equipment. 

There are other areas under study 
too. The Air Force is working on a 
digital autopilot. Just recently, Libra- 
scope announced it had developed a 
light-weight digital auto-navigator 
under WADC sponsorship. 

And development of the so-called 
Incremental Computer (see article on 
page 166) promises to expand applica- 
tion of the DDA. The Incremental 
Computer—an extension of digital dif- 
ferential analyzer techniques—solves a 
single basic equation for each step of 
a program. This adds a degree of flexi 
bility so that such equipment ap- 
proaches a general purpose computer 
in versatility. 

All this activity mirrors a new trend 
in airborne control systems. It has 
opened up a big new market for equip- 
ment suppliers interested in digital 
devices (estimated cost of a transisto- 
rized DDA: $50,000 to $75,000). 
And “putting wings” on digital com- 
puters represents a major technologi- 
cal advance. 

The Air Force now feels that digital 
computing-control is out of the labor- 
atory stage. As proof, starting in fiscal 
1958, expenditures for control equip- 
ment will be divided about 50-50 
between analog and digital equipment. 
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indicates set point and 
process variable at a glance! 


plus... . 


® Standard proportional band 1-100% . . . also available to 150%. 
® Proportional and differential gap actions easily selected with a 
screwdriver. 
® Manual reset readily accessible. Automatic reset optional. 
Compact—8%%"’ square x 4”’ deep. 
Pneumatic feedback circuit with sensitivity of 1/10% and re- 
peatability of 4%. 
Available in a variety of temperature ranges; pressure ranges 
from 0-30’ H,O to 0-10,000 psi, and in vacuum ranges of 
0-30” Hg. 
No other pilot comes even elose iw a comparison of features with 
the USG Temperature or Pressyfe Pilot. The scope of applications 
is well beyond the range of ordinary pilots for flexibility and accu- 
racy, and compares favorably with much moré expensive controllers. 
Write for descriptive catalog, or get itffom your distributor... 
his name is in the “Yellow Pages’’ of your phone book, 


te The 
‘Yellow Poges 


See these instruments at the ISA Show, Booth 946-3029 


UN TATES GAUGE 
Division of American Machine and Metals, Inc. 
Hote of the SUPERGRUGE © Sellersville, Pa. 


MORE THAN 50,000 TYPES OF GAUGES « SUPERGAUGES » SOLIDFRONTGAUGES + RECEIVERGAUGES « TEST 
GAUGES « RECORDERS « CONTROLLERS * TRANSMITTERS * PSYCHROMETERS «+ AVIATION INSTRUMENT 
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Giant radio-telescope consists of a 250 ft-diameter reflecting surface cradled between towers in a bow] of structural steelwork. 


Largest Steerable Radio-Telescope 


. . . positioned to 12 min of arc by computing-controlled servo system. 


LONDON— 

A new, $2.5-million steerable 
radio-telescope—the world’s largest— 
will start operating this month in a 
meadow outside the country village 
of Jodrell Bank. To control and posi- 
tion the 2,000-ton structure, British 
engineers designed a unique comput- 
ing-control servo system. Its heart: a 
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Synchros ‘a 

























































































Drive Dunford & Elliot electromechanical 
Se aaleaiit analog computer that 1) solves 14 
Drive Synchros trigonometric equations from the 
inputs of sidereal time and astronom- 
ical coordinators, and then 2) sends 
Error Error signals to the main driving system. 
Signal Signal e Telescope operations—Scientists 
' who will use the giant instrument for 
Resolving} ¥ MG MG Resolver radio-astronomy research at the Uni- 
System Set Set System versity of Manchester decided the 
—— unit had to be able to perform three 


separate functions: 
> Tracking—in which the telescope 
Computer Sin Ms is locked on to the course of a radio 
source as it moves across the sky. 
> Scanning—where the arc of the sky 
(turn to page 37) 
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It was in Burroughs’ own laboratories 
that the idea first took root. For one thing, 
it was becoming increasingly obvious 

that a good testing program was a 
necessary foundation for good design . . . 
that, in fact, testing was every bit as 
important as design. At the same time, 
the undeniable advantages of digital 
techniques in testing were bringing 
increasing numbers of digital specialists 
into the laboratory. Yet the digital 
specialist, through lack of tools, had to 
spend more time breadboarding than he 
spent on digital techniques! The combined 
importance of testing and of digital 
techniques in testing led Burroughs to a 
thorough evaluation of the situation. 


Burroughs found the lack of adequate 
digital tools a general condition, slowing 
progress in control and computation. 


As a result, the Electronic Instruments 
Division was organized ‘‘to supply the 
digital specialist with the laboratory test 
equipment his technology demands.”’ 


And it has. 


Today, E.I.D. offers the laboratory working in 
digital techniques an unparalleled range of 
specialized equipment and services, encompassing 
these three major areas: 

(1) logical building blocks for solving logical 
problems, fast test set-ups, and testing 
components, circuits, systems. 

(2) special purpose laboratory test instruments 
for performing specific digital operations 

(3) facilities for the design of complete complex 
test systems. 

A brief survey of each of these three areas will 
be found on the pages following. 
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Giant radio-telescope consists of a 250 ft-diameter reflecting surface cradled between towers in a bow] of structural steelwork. 


Largest Steerable Radio-Telescope 


. . . positioned to 12 min of arc by computing-controlled servo system. 


LONDON— 
A new, $2.5-million steerable 
tadio-telescope—the world’s largest— 
will start operating this month in a 
meadow outside the country village 
of Jodrell Bank. To control and posi- 
tion the 2,000-ton structure, British 
engineers designed a unique comput- 
ing-control servo system. Its heart: a 
Dunford & Elliot electromechanical 
Astmuth analog computer that 1) solves 14 
Drive Synchros trigonometric equations from the 
inputs of sidereal time and astronom- 
ical coordinators, and then 2) sends 
Error signals to the main driving system. 
Signal e Telescope operations—Scientists 
who will use the giant instrument for 
Resolving} MG [iy] Resolver radio-astronomy research at the Uni 
System System versity of Manchester decided the 
— unit had to be able to perform three 
separate functions: 
> Tracking—in which the telescope 
Computer . oe se is locked on to the course of a radio 
source as it moves across the sky. 
> Scanning—where the arc of the sky 
(turn to page 37) 
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It was in Burroughs’ own laboratories 
that the idea first took root. For one thing, 
it was becoming increasingly obvious 

that a good testing program was a 
necessary foundation for good design... 
that, in fact, testing was every bit as 
important as design. At the same time, 
the undeniable advantages of digital 
techniques in testing were bringing 
increasing numbers of digital specialists 
into the laboratory. Yet the digital 
specialist, through lack of tools, had to 
spend more time breadboarding than he 
spent on digital techniques! The combined 
importance of testing and of digital 
techniques in testing led Burroughs to a 
thorough evaluation of the situation. 


Burroughs found the lack of adequate 
digital tools a general condition, slowing 
progress in control and computation. 


As a result, the Electronic Instruments 
Division was organized “‘to supply the 
digital specialist with the laboratory test 
equipment his technology demands.” 


And it has. 


Today, E.I.D. offers the laboratory working in 
digital techniques an unparalleled range of 
specialized equipment and services, encompassing 
these three major areas: 

(1) logical building blocks for solving logical 
problems, fast test set-ups, and testing 
components, circuits, systems. 

(2) special purpose laboratory test instruments 
for performing specific digital operations. 

(3) facilities for the design of complete complex 
test systems. 

A brief survey of each of these three areas will 
be found on the pages following. 


the laboratory 
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general purpose test equipment 


The most apparent need of the digital designer, and the first satisfied by 
Burroughs, was that of general purpose test equipment of the building 
block variety. Without them, he was tied to the breadboard... 
building pulse equipment and logic circuits from basic components . 
spending more time proving the solution than solving the problem. 
But with the Unitized Pulse Control Equipment introduced by Burroughs, 
his creative efficiency rocketed skyward. 
Made up of individually packaged logical concepts . . . translations into 
hardware of the blocks of the everpresent block diagram... the units 
quickly earned the title “tools for engineers”. 
With the solution in block diagram form, the designer merely set up the 
Burroughs pulse control ‘blocks’ in a standard rack .. . made simple 
interconnections reflecting the flow lines of the diagram, moving directly 
from solution to proof. Original ideas or hunches were quickly and easily 
brought to working reality. Breadboard hardware was completely 
eliminated. And, on the spot modifications involved little more work than 
erasing one flow line, substituting another. 
As a unique service, Burroughs offers, with the equipment, the problem 
solving facilities of its own logical design group. Typical problems 
solved by this group and proved on Burroughs pulse control 
equipment are illustrated below. 

* * ¢ 


Among the early applications for pulse control equipment were 

several component evaluation patterns. 

The ideal way to test a digital component, is to observe its behavior 
under actual operating conditions. Burroughs Pulse Control Equipment 
proved to be an efficient and economical means of simulating the 
conditions which can arise in a digital system. 

One of the most unique applications of this was Burroughs development 
of the BCT-301 ...a completely flexible test system which simulates 
certain core system conditions. Built up of standard pulse control units, it 
includes a specially engineered testing jig, calibrating device, and current 
drivers. The BCT-301 proved so successful in Burroughs own core program 
that it was marketed to industry. Today, it can be found at the heart of 
testing programs of numerous core manufacturers and core users. 
Whether you're solving logical problems or testing digital components, 
Burroughs experience is at your service. You can obtain technical 
literature and papers by checking titles on the reply card opposite and 
dropping it in the mail. Or, send us a description of your testing problem. 
We'll gladly work out a Pulse Control solution at no cost to you. 


delay to 
set pw 


delay to 
set p.w 


2.5 megacycle bidirectional counter A 500 ke bidirectional counter which saves equipment Pulse control diagram for testing tape wound cores 
when the number of stages is large 





special purpose instruments 


Perhaps the most important reason for the growth in digital techniques 
in the laboratory has been the precision permitted by digital methods in 
comparison, measurement, and counting. Special purpose instruments 
make it far easier for the laboratory to benefit from these advantages 
Of the complete line of such instruments available from the 

Electronic Instruments Division, four typical units are discussed here 


New instruments will be added to the line as soon as the need arises 
We therefore welcome your inquiries, and would particulariy appreciate 
a statement of your requirements 


precision delay generator 6010 


Provides accurate, variable time interval pulses. Three modular 
subsections include a trigger generator permitting fast or slow 
triggering, which can also function as a self-contained pulse 
generator ...a delay generator producing five stable outputs 
and a power supply. Outputs include positive and negative 
delayed pulses, positive and negative gating pulses, and a linear 
negative going ramp function. Pulse interval ranging from | to 
10,000 usec is controlled by a calibrated delay dial 
ciated 5-position switch 


high frequency pulse generator 1050 

High frequency pulse source for switching circuits in the 10 
megacycle range. Produces half-sine wave voltage pulses at 
frequencies continuously variable from 1.6 to 10.4 megacycles 
in four overlapping bands. Pulses are available in five different 
widths, and amplitude and polarity are knob controlled 


beamplexer 

A unique laboratory tool for displaying up to ten separate inputs 
on a scope face simultaneously, the Beamplexer is actually an 
extremely fast electronic switch. Parallel input signals are taken 
off in sequence at adjustable speeds from push-button to 100 kc 
Signals can be located on the scope as desired through individual 
positioning pedestal controls for each channel 


calibrator 1810 


Has been especially designed to measure currents and voltages 
associated with the evaluation of magnetic cores under pulse 
conditions, but can be used where ever precise calibration of 
voltages and instruments is required. It provides a visual means 
for calibrating the driving pulse with an error of less than 0.1%, 
and will measure the output amplitude in millivolts. 


Gentlemen 
Please send me the literature | have 


indicated from the list on the right 


NAME_ 


COMPANY 


ADDRESS___ 


CITY 
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cy Pulse Generator 





complete systems design 


While Burroughs pulse control units are ideal laborat 
tools for solving logical problems in computer desigr 
testing individual components for pulse circuitry 

performing specific digital operations there are 
Jesign and test requirements so complex as to require 
in entirely different approach. Designing and testing 
a complete core memory, for example 

r building and testing complete digital computer 
subsections. Actually, both these iobs have been 
Jone by Electronic Instruments Division with Burroughs 
equipment. But chances are, they could not have beer 
Jone successfully without the full-time efforts of 
Burroughs logical circuit and logical hardware 
desiqners the men who devel oped the equipn 
Should your needs be of this order of complexity 
their experience and knowledge are available t 
Electronic Instruments Division can either serve y 
consulting capacity or design, develop 


the entire system trom start to finish 


Memory Plane Tester 


Burroughs Corporation Electronic instruments Division 


1209 VINE STREET PHILADELPHIA PENNSYLVANIA 


FOR FURTHER INFORMATION 


Complete the reply card on the other side of this 


tools for engineers 


sheet insert in an envelope, or attach to a 
postcard... and mail to Burroughs Corporation, 
Electronics Instruments Division, 1209 Vine Street 
Philadelphia 7, Penna. Your request will be given 


prompt attention 





Control room, 200 ft 
from telescope, con 
tains analog com 
puter and gives op 
erator overall view of 
the big instrument. 


= eee) 


to be scanned can be set in any of 
three types of coordinates (terrestial, 
galatic, or celestial) with the scanning 
master steps dependent on time or 
position. 

> Tl’ raversing—rapid movement from 
one present position to another. 

In addition, they wanted position 
accuracy within 12 min of arc. 

Two British companies teamed up 
to supply the control system. Dun- 
ford & Elliot built the computing 
portion, while the Brush Electrical 
Engineering Co., Ltd., provided main 
drive controls and assembly. 

Design of the computer was com- 
plicated by its fundamental require- 
ments, particularly scanning. In this 
operation, the computer has to scan 
in any one of the three sets of co- 
ordinates used by astronomers; its rate 
of scan is variable; and the elevation 
rate is time- or positioned-control. As 
a final tough specification, D&E had 
to provide in the control room an 
indication of the telescope’s actual 
position in terrestial, galatic, and 
celestial coordinates. 

e¢ Computing-control at work—Con- 
trol signals from the computer 
(housed in the control room 200 vards 





from the telescope) operate the main 
drive assembly (see schematic). A 
fine course synchro resolver system 
with an accuracy of better than 1 
min of arc supplies azimuth position 
through couplings on the center pivot 
of the aerial assembly. In the eleva- 
tion position, pickoff is from another 
set of double synchros mounted on 
the trunnions in the towers. Both of 
these motions are transmitted to the 
synchros by chain drives with anti- 
backlash devices. 

The error signal—produced by com- 
paring the computer signal and the 
resolver signal—controls the excitor 
field of an mg set which drives four 
variable-speed 50-hp dc motors for 
each axis. Accuracies of the system 
have not been verified as yet. But 
designers figure that the computer 
solution will be within 4 min of arc 
and the driving system within 5 min 
of arc—easily achieving the specifica- 
tion of 12 min of arc. 

Initial research to be conducted 
with the giant telescope: locate 
sources of radio emission 200 million 
light years back, emission in the one- 
to-two-meter band. Prof. A. C. B. 
Lovell is heading up the research. 





G&L Ships First Five-Axis Machine 


In June 1955, machine tool builder 
Gidding & Lewis held the first public 
demonstration of its Numericord sys- 
tem, a numerical control for machine 
tools (CtE, Aug. °55, p. 12). In July 
1957, G&L was ready to announce two 
more Numericord milestones: 
Shipment of the first variable-axis, 
airframe profile milling machine oper- 
ated solely by magnetic-tape com- 
mands to Lockheed Aircraft Corp. in 
Burbank, Calif. for production of parts 
for the high-speed F-104. 


> Final cutting tests and Defense 


Dept. approval for a production model 
spar and skin milling machine, also 
equipped with numerical control. 
G&L will ship this machine soon to 
The Martin Co., Denver, Col. 

+ Initial deliveries—Both machines rep- 
resent initial deliveries on quantity 
orders for numerically controlled air- 
frame milling machines placed at 
G&L by the Air Force’s Air Materiel 
Command. At last report, AMC had 
ordered 16 G & L-Concord Control 
tape preparation desks (which convert 
blueprint information into numerical 








with G-E Inductrol* 
Voltage Regulators 


Undervoltage can destroy gas-filled tubes 


in minutes, dangerously overheat vacuum 
tubes. As little as 5% overvoltage can 
cut tube life in half. 


Economical Inductrol voltage regu- 
lators precisely control (within +1%) 
a-c voltage, help assure proper tube oper- 
ation. This means longer tube life, less 
downtime, more efficient operation. 

For more information, write Section 
425-5, General Electric Co., Schenectady 
5, N. Y., or call your nearest General 
Electric sales office or agent. 

*General Electric Trade-mork for induction voltage regu- 
lators. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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How to Build Oo. Analyzers for 
Fun and Profit—Step 2 


This is the second in a spasmodic series 
of do-it-yourself instructions for those 
who are either too proud or too poor to 
buy their oxygen analyzers from Hays, 
but still want nothing but the real, 
finicky Hays construction. Our first les- 
son, termed by some loyal readers ‘‘the 
best tranquilizer they've come across,” 
told how anyone with a little skill and 
working capital can amaze their chums 
with genuine Hays-type precision sens- 
ing elements. 

Our next step is to mount these two 
elements within an analyzing cell (see 
artist’s impression Fa Cram in two 
more precision resistors to complete a 
standard Wheatstone Bridge (named for 
its inventor, Sir Wheatstone Bridge, Cam- 
bridge ’O1). Bring the leads out the top 
at some convenient point. Don’t forget to 
seal the upper end of the two chambers 
so that gas cannot flow through them. 
This prevents dust or moisture from set- 
tling out, a problem with other designs. 
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Put the cell on a mounting block, being 
careful to provide an inlet and outlet for 
the gas. Diffusion will —_ about an 
exchange of gas within the cell block itself. 


Now get hold of a 3300 gauss plus 
Alnico 5 magnet of at least 20 pounds 
weight (watch your paper for sales). 


THE HAYS CORPORATION 
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RAMBLINGS ON | 


Stabilize this at about 2500 gauss and 
mount it on a hinge so it can be swung 
away from the analyzing cell for zero 
checking. Now you're ready to fire up. 
Better wait for our next lesson for this 
(or write for our bulletin 56-829-56 to 
bone up). Should you decide to go it 
alone, lots of luck. 


Our ad manager, who yearns for a good 
old hard-sell product ad now and then, 
insists that, while we're rambling about 
Oz analyzers, we include a reference to 
our Mark II analyzer available very soon. 
It incorporates the divided flow assembly 
shown et Only a small portion of the 
total gas actually passes through the 
analyzer. This maintains high response to 
sample changes, yet holds down possible 
damage caused by particles of foreign 
matter bounding through the system. 


For do-it-yourself fans, we have a 
conversion kit available to bring your in- 
strument up to date. It includes parts, 
step-by-step instructions, drawings and 
three Band-Aids. We'll be happy to send 


you details. 


How to Get Off a Tenterhook 
Our bated-breath bulletins concerning the 


new Hays Universal Recorder have fanned | 


a flame of curiosity among recorder enthu- 
siasts everywhere. While we still can’t 
sell you one, darn it, we'd be very happy 


to show you our new baby in the flesh | 


at our exhibit at the ISA Show in Cleve- 
land. We're in booth 1013. Drop in. 


HLP! HLP! 


Hays Corp. nds. a dsgn. engr. Shld. hv. 
B.S.M.E. and prvd. intrst. & ablty. in 
creatv. desgn. of mech. or electro-mech. 
prodcts. Min. age 25. Chilnging. oppty. 
in up-n-cming cmpny. Mich. Cty. is swl. 
cmmnty. to liv., rs. kds. & enjy. If. Wrt. 
us abt. yrslf. tdy. 


[Sard 


President 


MICHIGAN CITY, INDIANA 
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data on punched tape) and six G & L- 
Concord Control director systems 
(which convert the punched tape into 
the magnetic tape that actually con- 
trols the mill). 

To-date, only two of the directors 
have been located. The original is at 
G&L in Fond du Lac, Wis.; the sec- 
ond will be placed at Boeing Aircraft’s 
Wichita, Kan., plant. Eventually, 
AMC contractors with Numericord 
controlled tools will send their paper 
tapes to the nearest director for con- 
version to magnetic tape. 

To speed up putting Lockheed’s 
machine into actual production, fin- 
ished operating tapes for a number 
of aircraft parts have been prepared 
on the Fond du Lac director. 
‘Introducing Variax—The Lockheed 
machine also represents the first pro- 
duction model of a new family of 
G&L variable-axis-control, profile air- 
frame milling machines. ‘The company 
has named the new line Variax. 

The new machines combine 1) hor- 

izontal movement of the column on 
its runway; 2) vertical movement of 
the saddle on its column ways for 
360-deg path control in the plane of 
the angle plate where the work is 
mounted; 3) depth motion through 
movement of the head along the spin- 
dle axis; 4) head swiveling in the 
saddle plane on segmental ways to 
achieve a transverse tilt function; and 
5) column swiveling. 
«Missile producer—Martin’s machine 
is a standard-design G&L spar and 
skin milling machine that has been 
equipped with numerical control. It 
will be used for production of the 
“Titan” missile. 


Numerical Control Group 
Formed in Japan 


Japanese engineers interested in the 
application of numerical control to 
machine tools have formed the Society 
of Numerically Controlled Machine 
Tools (SNCM) in Tokyo, Prime 
movers behind the organization were: 
Dr. Y. Ukita and S. Sajiki of the 
Government Mechanical Laboratory 
and Prof. Y. Oshima of Tokyo Uni- 
versity. 

In a summer meeting, the group 
elected Dr. Masao Sugimoto, di- 
rector of the Government Mechanical 
Laboratory, head of the society, and 
discussed the U.S. Aircraft Indus- 
tries Association report on Numerical 
Control (CtE, Aug. 57, p. 29). 





NOW! Cash Standard-Sparton brings you 


the World's First 


ackaged Remote Control System 


regulates final control elements governing 


SUPERVISORY 
CONTROL UNIT 


For remote location at dis- 
tances of a few feet to many 
miles. Operates on tele- 
phone, telegraph, private 
lines or microwave. 


° PRESSURE 
FLOW 
SURGE 
PROPORTIONING 
LIQUID’ LEVEL 
SPEED 


and other 
process variables 


Now—for the first time in a single package system—it is possible to control, 
from a distance of many miles if necessary, the positioning of cone, butterfly, 
plug and ball valves; sliding stem valves; throttles, rheostats and other vari- 
able speed mechanisms; and similar final control elements. 


The unique Series 300 Packaged Control System, developed by A. W. Cash 
Company and Sparton Corporation, reduces operating costs substantially 
through regulation of final control elements by one operator from one central 
point. As a result, the equipment pays for itself rapidly. It is recommended 
particularly for such applications as pipe lines, pumping stations, oil wells, 
storage tanks, power stations, municipal water distribution, petroleum and 
chemical processing and atomic energy processing. 


For complete information on the remarkable new Cash Standard-Sparton 
Series 300 Packaged Control System, see the Cash Standard control specialist 
in your area, or write to Dept. F. 


A. W. Cash Co. and Its Subsidiary, Cash Standard Stacon Corp. 
P.O. Box 551, Decatur, Ill. 


CASH STANDARD STANDARD 


Pressure, Hydraulic, | —_ Pressure, Hydraulic, Temperature, Process ond Combustion Controls | Process ond Combustion Controls 
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The “heart” that never breaks is the differential 
transformer, heart of Autronic Control System 
transmitters. 

Whether for measuring pressure, flow, level, 

. or any displacement, you can’t match the rugged 
here S the heart simplicity of a differential transformer. There 
are no orifices . . . no vacuum tubes or transistors 
, ; ... no moving parts to cause shut-downs or 
that never fails /n maintenance problems. In addition to its 
reliability under adverse environments, the 
differential transformer has many distinct 
Swart wout advantages over all other sensing devices. Among 
these are infinite resolution . . . performance 
that’s linear to better than 0.1% of span... high 


- 

Autronic signal output level... low impedance. . . ability 
to add, subtract or average signals. 

Con trols The military specifies differential transformers 
for the toughest assignments. How about you? 
You'll go all-electronic eventually—Go Autronic 
now with Swartwout, pioneer and leader in 
electronic controls. 





AUTRONIC® CONTROLS 


THE SWARTWOUT COMPANY, 
18511 EUCLID AVENUE, 
CLEVELAND 12, OHIO 
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British Study Computing-Control 


WHAT’S NEW | 


Control Engineering’s European editor reports lack of analysis 
instrumentation and capital defer acceptance of computing-control 


Lonpon— 

Britain’s look at computing control 
is essentially a long term one with a 
lot of brainwork involved but as yet 
little hardware installed. 

Two schools of thought exist among 
British control engineers on the 
method of incorporating the computer 
within the loop. One advocates a 

onventional approach with the com- 

puter providing the controller settings 
to individual loops. In the other, the 
computer transmits control signals 
direct to the regulating units. <A 
roundup of opinion in the petroleum 
and. chemical industries showed a 
surprising preference for the sophis- 
ticated approach. 

Directly associated with interest in 
computing control is the increased 
emphasis on quality measuring instru- 


ments for input and output analysis. 
This is a new trend, quite opposite 
to earlier thinking in which engineers 
sought more accurate transducers for 
the basic elements such as tempera- 
ture, pressure and flow. These were 
used to infer quality analysis rather 
than to employ a direct analysis. 
As a result the plant on the in-out 
system could operate over a range of 
conditions with the main control 
exercised by the in-out quality analysis 
instrumentation, instead of operating 
at a fixed point in its characteristic. 
Advantages claimed for this tech- 
nique: 1) controllers can revert to 
single term; 2) high accuracy flow, 
temperature and pressure transducers 
are not required, provided that the 
quality of instrumentation is adequate; 
3) the use of fluid couplings in lieu 


of control valves; 4) normal flow, 
temperature, pressure readings can be 
used as redundant information for 
computer checks; 5) the system 1s 
less susceptible to false signals. 
Although advanced thinking is go- 
ing on in both schools, lack of knowl- 
edge about process dynamics, the 
question of computer reliability and 
the lack of quality analysis instrumen- 
tation is seriously holding up actual 
installations. Some engineers feel that 
the British are as much as three years 
behind U. S. in computing-control 
applications, a situation aggravated by 
less ready capital in the United King- 
dom. In addition, British industries 
require a project to be shown eco- 
nomically profitable before installation, 
another factor retarding acceptance. 
—Derek Barlow 


New Digital Computer for Process Control 


Although many computer manu- 
facturers feel that their data process- 
ing equipment can double in com- 
puting-control applications, a number 
of experts close to the field believe 
that economical computing-control in 
the process industries calls for a com- 
puter specifically designed for that 
purpose. In July, electronic manu- 
facturer Ramo-Wooldridge Corp. 
joined the special design school of 
thought: R-W announced a general- 
purpose digital computer, the R-W 
300, to serve as the central unit of a 
process control system. 

Behind the announcement was a 
vear of special studies, unique in 
computer design. R-W researchers first 
studied industries they thought were 
potential users of computing-control: 
petroleum processing and oil refining, 
chemical manufacturing, cement, pa- 
per manufacturing and metal process- 
ing. They determined how many 
and what kind of inputs a process 
controller would need; the number 
and type of outputs; the speed of 


operation, and additional functions 
such equipment should perform. 

Next step was to simulate the logi- 

cal structure of the proposed computer 
design on a Univac 1103. The simu- 
lated computer was made to perform 
a simple sequence of instructions to 
check logical design. 
* Payoff in three years—The studies 
turned up some interesting facts. 
According to R-W the payoff for a 
computing-control system takes place 
within from one to three years, stem- 
ming from 1) increased plant through- 
put, 2) improved product quality and 
3) reduced operating costs. No process 
required more than 300 inputs or 150 
outputs. And, in typical applications, 
the main part of the control problem 
could be solved by the computer in 
1-3 min. 

Other functions besides computing 
can be performed by the R-W 300. 
These include: data logging, process 
and instrument checking, instrument 
calibration, economic and _ statistical 
analysis. 


- Design features—F'rom a design stand- 
point, the R-W 300 is a general- 
purpose, magnetic drum storage, stored 
program, serial machine. It uses binary 
numbers internally, although decimal 
outputs to appropriate units can be 
supplied through use of a conversion 
routine. The computer has a word 
length of 17 bits plus sign. 

The machine uses a “one-plus-one- 
address” instruction, which allows for 
an unconditional transfer with every 
command. That means effective com 
puter speed is increased and computer 
programming made easier. The ma- 
chine also has a provision for less 
than full length multiplication and 
division, a feature which a program- 
mer can use to reduce computing time. 

R-W hasn’t sold any of its process 
control computers as yet, although 
the company says there are a numbei 
of industries studying it. The com- 
puter maker believes that its first 
applications will probably be as trim 
mers on conventional control systems 
rather than as main process controllers. 
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E-64-C/1 2” RESOLVER TRANSMITTER 
| 


The widely used Muirhead 3” Resolver Transmitter 
No. 2 (feedback resolver) is now available in a 2” 
Magslip frame. Designed for inputs 0-25 volts 
50 c/s, this new instrument gives equal perform- 
ance to the 3” Resolver. 


J ; / 
Accuracy: Maximum voltage error +0.1°% 
Maximum angular error +0.05 degree 


The Resolver is used primarily for electrical com- 
putation for obtaining outputs proportional to the 
product of the sine or cosine of the rotor dis- 
placement angle and the input voltage. The feed- 
back feature enables the instrument to maintain its 
high degree of accuracy for varying voltage inputs. 


Applications of the Feedback Resolver include :— 
Interchanging Polar and Cartesian Co-ordinates. 
Rotation of Rectangular Axes. 

Solution of Triangles. 


A data sheet for the 2” Resolver Transmitter 
E-64-C/1 giving all electrical and mechanical 
information is available on request. 


MUIRHEAD PRECISION ELECTRICAL INSTRUMENTS 
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| WHAT‘’S NEW 


Symposium Features 
Computers in Control 


Computers in Control will be the 
theme of a symposium to be held in 
Atlantic City, N. J. at the Chalfonte- 
Haddon Hall Hotel in Atlantic City, 
October 16-18, 1957. The conclave, 
sponsored by the AIEE Feedback 
Control Systems Committee with 
participation by the IRE Professional 
Group on Automatic Control and the 
ASME-IRD, will have an_ interna- 
tional flavor induced by the attendance 
of Tsypkin of Russia, Pelegrin of 
France, and Barker and Blackman of 
England. 

Subject matter to be discussed: the 
use of digital and analog computers 
as elements of feedback control sys- 
tems and the design of computing- 
controlled systems. 


Report on Basic Research 


National Science Foundation has 
completed a report on how money 
was spent for basic research in 1953, 
the most recent vear for which such 
data is available. The analysis showed 
that funds for basic research totaled 
$435 million, 8 percent of the esti- 
mated total of $5.4 billion spent for 
research and development in the U.S 
in 1953. 

I'he study also showed that colleges 
and universities were the principal 
performers of basic research (defined 
as the pursuit of new scientific know] 
edge), accounting for $205 million 
(47 percent of the total); industry 
ranked second spending 39% of the 
total; Federal government ranked third 
with 11] percent, and other institu- 
tions accounted for the remainder. 


Computing-Control 
On the Range 


U.S. Navy has awarded a contract 
to Feedback Controls, Inc. for an Air- 
craft Vectoring Study at the Navv’s 
Aircraft and Missile ‘Test Range, Pt. 
Mugu, Calif. The new system is 
aimed at improving coordination be 


tween “attacker” and “target” during 
missile and aircraft tests. The ap- 
proach: use computers, located in the 
ground-based control room, to bring 
the “attacker” into prescribed rela- 
tionship with the “target,” and pro 
vide fully automatic test results. 


MUIRHEAD INSTRUMENTS INC - 677 FIFTH AVENUE - NEW YORK 22 - N.Y. - U.S.A 
MURRAY HILL 8-1633 
CANADA 
STRATFORD 3717 

ENGLAND 
BECKENHAM 004! 


MUIRHEAD INSTRUMENTS LIMITED STRATFORD ONTARIO 


MUIRHEAD & CO. LIMITED BECKENHAM . KENT 
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Courtesy of Datamatic Corporation 


Cut flip-flop circuit power requirements 95% 
increase reliability and eliminate the heat rise problem 


FILAMENTARY SUBMINIATURE TUBES 


with 


Hereare the figures on CK6418 and CK6088 power 
input as compared with a popular heater-cathode 
tube such as CK5814 


plate supply 
30 volts 


right to the seal. Faster, neater wiring and socketing 
are assured. Ideal for assembly in printed circuits 
with dip soldering. 
Here are results in actual computer service: 
190 tubes after 13,000 hours of operation: no 
tube failures, all tubes still operating 
120 tubes after 11,000 hours, with daily on-off 
cycles: no failures, all tubes still operating 


power per 1000 flip-flop circuits 

29.5 watts (2000 tubes) 
CK6088 45 volts 63.5 watts (2000 tubes) 
CK5814 150 volts 2500. watts (1000 tubes) 


CK6418 


Raytheon Filamentary Subminiature Tubes are dis- 
tinguished by low power requirements, high effi- 
ciency, instant heating, no interface resistance, small 
size, exceptional ruggedness and long life. They are 
insensitive to ambient temperature change. 

Raytheon Flat Press, the Seal of Reliability, pro- 
vides a longer glass-to-metal seal, reduced glass 
strain, no lead burning, flexible, in-line leads tinned 


50 tubes after 16,000 hours: no failures, all 
operating 
10,000 hour factory life tests on these low fila- 
ment current types normally show no inoperative 
rejects including no filament or glass failures. 


This is RELIABILITY +- 





SPECIAL TUBE DIVISION 


RELIABLE MINIATURE AND SUBMINIATURE TUBES - 
VOLTAGE REGULATOR TUBES PENCIL TUBES 


NEWTON, MASS.: 55 Chapel St. © Bigelow 4-7500 
NEW YORK: 589 Fifth Ave. . PLaza 9-3900 
CHICAGO: 9501 Grand Ave., Franklin Park * TUxedo 9-5400 
LOS ANGELES: 5236 Santa Monica Bivd. « NOrmandy 5-4221 


VOLTAGE REFERENCE TUBES 
NUCLEONIC TUBES 
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Borg is a highly respected name in 
its field . the manufacture of 
components for systems. Borg has 
gained wide recognition as a sup- 
plier of electronic components for 
military and commercial uses. 





PLANTS 


Borg manufacturing plants are cen- 
trally located about 90 miles from 
Chicago. Easily accessible by high- 
way, rail and air. 


WHAT _ - 
BORG MAKES 


Precision Is Our Business. For 
many years Borg has been promi- 
nent in the design and manufacture 
of precision components for systems. 
@ AIRCRAFT INSTRUMENTS 
Aircraft components, instruments 
and electronic sub-assemblies. 

@ FREQUENCY STANDARDS 
Crystal controlled oscillator type 
frequency standards. 

@ POTENTIOMETERS 

Quantity production of Borg 
MICROPOTS (precision potentio- 
meters) to meet your specifications. 
@ MICRODIALS 

Precision MICRODIALS for single 
and multi-turn devices. Indexed ac- 
curacy of up to one part in 1,000. 
@ INSTRUMENT MOTORS 

Precision motors, synchronous and 
induction types. Gear trains. 





BORG CAN HELP YOU 


Borg can assist you in the design 
and construction of prototypes. 
Complete facilities for pilot runs 
and quantity production. Write for 
Bulletin BED-A50 or call us today. 


12) 
MICROPOTS 
MICRODIALS 
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Panel Finds Feedback Out Grows The Servo 


Feedback control integrates data 
processing, instrumentation, compu- 
tation, actuation, and energy process- 
ing, listeners learned in June at a 
panel discussion of the problems and 
objectives of feedback. This advanced 
view was the heart of the panel dis- 
cussion held by The Feedback Con- 
trol Systems Committee of AIEE dur- 
ing the Summer Meeting of AIEE. 

MIT’s Gordon Brown started it 
when he commented that feedback 
control has matured well beyond its 
start in the design and analysis of 
servos. “Now”, he continued, “Some 
professional society will take over; a 
society that provides professional lea- 
dership and support of control engi- 
neers and whose work embraces every- 
thing from data processing to energy 
processing. Why not AIEFE?” Brown 
asked. 

* Feedback in steel—Economic forces— 
better product and greater productivity 
—dictate the objectives of feedback 
in steel, reported Orville Orbom. An 
alliance of improved data handling 
with machine controls through a uni- 
fied language in communication net- 
works that command machine set-up 
and produce real-time records is the 
need and the problem. Widespread 
computing control in heavy manufac- 


turing awaits only its solution. The 
control system engineer (rare in the 
steel industry) will have to solve it, 
he concluded. 

+ Need hardware engineers—C. S. Her- 
wald reversed the field by stating that 
there are too many systems analysis 
people in weapons systems engineer- 
ing, and not enough “dirty-finger” en- 
gineers who can put hardware to- 
gether and make it work. He pointed 
to these design problems 

> Speed; while space coordinates over 
which information must feed back 
have lengthened, increased weapon 
speeds have shortened the time in 
tervals available. 

> Noisy data; not only does the tacti 
cal enemy try to jam signals, but the 
measurement and transmission equip 
ment may produce noise which is just 
as harmful as the enemy’s. Applica- 
cation of statistical techniques must 
become a familiar tool of the control 
engineer. 

> Man as a monitor; man must be 
placed in parallel, rather than in 
series, with contro] systems. Requires 
improved display of what the system 
plans to do. 

> Automatic checkout; foolproof sys 
tems which automatically check the 
working of operational missiles are 





PANELISTS 
Gordon S. Brown, MIT....... 
Orville E. Orbom, Allegheny-Ludlum. 


WHERE THEY CARRY 
FEEDBACK CONTROL 
education 

steel industry 


S. W. Herwald, Westinghouse Air Arm. 
Harry L. Palmer, GE Specialty Control 


BORG EQUIPMENT DIVISION D. P. Eckman, Case Inst. of ‘Technology 


THE GEORGE W. BORG CORPORATION lk}. M. Grabbe, Ramo-Wooldridge. 
JANESVILLE, WISCONSIN iH F Chestnut, GE, (Panel Chairman 


weapon systems 

industrial control mfg 
matcrial processing industries 
..computer applications 
general principles 
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NEW! 
BORG 910 SINGLE-TURN 
PRECISION MICROPOT 


The new Borg 910 Series Single Turn Micropot retains its high 


precision characteristics through severe vibration and shock. Borg 910 


WRITE FOR 

CATALOG SHEET BED A-69 
AND NAME OF YOUR 
NEAREST BORG TECH-REP 


Micropots were developed from the Borg 900 Series Micropots. . . 
long preferred in aircraft and electronic fields for accurate, long lived 
dependability. Let your nearest Borg ““Tech-Rep” show you the many 


advantages offered by the new Borg 910 Series Single Turn Micropot. 
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THE GEORGE W. BORG CORPORATION PHAN MOTORS 
JANESVILLE, WISCONSIN ye MICROPOTS 
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KEY SOURCE FOR 


SMALL MOTORS 


Globe Industries should be your prime source for small, peak 
performance A.C. and D.C. motors for fundamental reasons. 
For instance, the four D.C. motors shown are just a beginning 
—not only can you have them in countless variations, but you 
can add scores of standard spur or planetary gear ratios. Also, 
a wide variety of governors, clutches, brakes and filters are 
available promptly to meet any need you have. All these vari- 
ables are combined by Globe to give you a motor which out: 
performs any other motor of comparable size. 

An interchangeable standard part inventory, coupled with 
precision production techniques to match engineering efficiency 
are specific reasons why you can obtain quality custom built 
prototypes in 2 to 4 weeks. These same methods shorten lead 
time on Globe actuators, timers, rate gyros, blowers, servos. 

Ask the largest D.C. miniature motor manufacturer first 

Send for your copy of the Globe D.C. motor catalog now. 
GLOBE INDUSTRIES, INC., 1784 Stanley Avenue, Dayton 4, Ohio, HE 3741 








STANDARD CHOICES: voltages to 120 V.D.C., output to 1/20 h.p., 129 | 
spur and planetary gear ratios, geared break away torques to 2500 oz.in., 
many varieties of governors, clutches, brakes, and fitters are available. 
The graphs appearing above iliustrate typical performances. 
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now required as integral parts of 
weapon systems. 

Flexible programming; needed for 
small-lot production of military gear. 
‘Need component  information— 
Whether a “user” or a “maker”, the 
control engineer needs complete in- 
formation on components under the 
conditions they will meet in _ use, 
Harry Palmer maintained. He ex- 
plained that because automatic ma 
chines will make errors but not mis 
takes, the designer must know how 
much backlash, friction, striction, and 
damping to expect, so that he can 
minimize machine errors. He pointed 
out that automatically controlled ma- 
chines need more-fundamental meas- 
urements than do manually controlled 
machines and gave one example 
direct “digital” measurement of ab- 
solute position over long traverses. 
*Computing-control for processes— 
D. P. Eckman returned to the basic 
industrial problem, optimum pro 
duction. The control engineer in a 
material processing industry has to 
control systems with hundreds of vari- 
ables. He now does it with a multi- 
tude of independent control loops, 
but has no way of knowing whether 
such a system operates with maximum 
yield or efficiency. Computing-control 
designed from only a partial descrip 
tion of process kinetics, but with 
automatic correction of the descrip 
tion, shows promise. Other trends seen 
by Eckman: 
> Exponential increase in the use of 
electronic control in the process in 
dustries; the only real drawback today, 
he said, is lack of a full set of elec- 
tronic measuring elements. 
> Solution of problems involving es- 
sential non-linearities; chemical proc- 
ess rate may be a function of the n-th 
power of pressure and the 1/n-th 
power of temperature. (See article 
starting on page 197 for complete dis- 
cussion by Eckman and Lefkowitz.) 
> Increasing use of composition analy- 
sis measurements will require sampled 
data control techniques. 

Many paths in feedback control 
today lead to computing control, re- 
ported E. M. Grabbe. Analog com- 
puters are used in industrial control 
applications with beneficial results. 
Digital data loggers featuring con- 
tinuous calculation of operator guides 
are available. The digital computer 
with its high precision, large memory, 
flexible program, and ability to make 
logical decisions, effective in military 
control systems, has much to offer for 
industrial control. It is on the way. 
(“See New Digital Computer for Pro- 





Electronic amplifier. First high-vacuum electronic amplifier. 
Made possible long distance telephony and then opened the 
way to radio broadcasting. 


Wave filter. Precisely separates bands of frequencies. Pro- 
vided major key to economical sharing of the same wires by 
many voices or radio programs. Indispensable control tool in 
radio, television and radar. 


Negative feedback amplifier. Provides distortionless and 
stable amplification. Made possible the enormous, precisely 
controlled amplification needed in long distance telephone 
calls. The principle is now basic in high-quality amplifiers for 


Pacemakers in the radio, TV and high-fidelity reproduction. 
Quartz crystal. Standard super-accurate quartz crystal oscil- 
lator developed for frequency controls in radio telephony. 
technology of Our 76% Has also become the standard control for clocks in world’s 


astronomical laboratories. 














electron ic age Coaxial cable system. Hollow tube with a central conductor 


was developed to transmit hundreds of voices simultaneously. 
Now also provides long distance carrier for TV in partnership 
with microwave beams. 


Transistor. Tiny solid-state device uses extremely small 
Certain discoveries, inventions and amounts of power to amplify signals. Makes possible electronic 
developments of Bell Telephone Lab- telephone switching and much smaller hearing aids, radios, 
TV sets and electronic computers. 


oratories have been truly epochal in 


their effect upon the technology of 

Dial system “brain and memory.” Takes over your call 
and sees that you are connected in the best and quickest way. 
Newest example: Direct Distance Dialing from home tele- 
telephony ever better. But many have phones to any part of the nation. 


opened the way to exciting advances 


our time. Each has come out of a sin- 


gle quest—a search for ways to make 


in TV, movies, radio, horology, astron- Waveguide. Hollow conductor transmits high-frequency waves. 
omy. Here are ten of Bell Laboratories’ From this came the “pipe” circuits that are essential to radar 


contributions to the modern world. and very short-wave radio communications. 


Microwaves. Bell Laboratories developed long distance mi- 
crowave transmission. It operates by focusing radio beams 
from station to station, carries cross-country telephony and TV. 


Radio astronomy. This great new science began in the study 
of radio interference at Bell Laboratories .. . with the tremen- 
dous discovery that radio waves emanate from the stars. 


BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Numerical Control 

brings to industry 

an era of important 

new production economies. 


Concord Control offers 

to equipment builders 

and users 

extensive experience 

in the development, design 
and manufacture of advanced 
Numerical Control Systems. 


numerical control 


CONCORD CONTROL, INC., 1282 Soldiers Field Road 
Boston 
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cess Control”, p. +1). Its use is sure 
to change radically the design of fu- 
ture plants and to provide spectacular 
results in production, Grabbe added. 
e New view for feedback committee 
—Such wide-ranging discussions wer¢ 
hardly included in the concept of 
the charter granted by AIEE to its 
Feedback Control Committee when 
it was set up less than a decade ago. 
But these new concepts and new 
needs have developed regardless of 
the charter. It was the unanimous 
feeling of the panelists, and of most 
of the listeners, that the activities of 
the Feedback Control Systems Com 
mittee must include them. Whether 
the committee can embrace them or 
not, control engineers have. 

—W.E. V. 


Control Techniques 
at Cambridge Conference 


Lonpon— 
The theme, “Electronics in Auto- 
mation”, and the peaceful academic 
atmosphere of Kings College, Cam- 
bridge, drew some 500 of Britain’s 
leading electronic and radio engineers 
to the fourth postwar convention or- 
ganized by the British Institution of 
Radio Engineers. Interest in the con- 
ference (June 26-July 1, with time out 
for the weekend) was world-wide, with 
delegates coming from Holland, 
France, and the Commonwealth, and 
a strong contingent from the U.S.S.R. 
In the four-day period some 40 
papers were presented at six sessions: 
Machine Tool Control, Chemical and 
Other Processes, Automatic Measure 
ment and Inspection, Simulators, Au 
tomation in the Electronic Industry, 
and Office Machinery and Informa 
tion Processing. 
- Trend to positioning—Machine tool 
control papers excited more than us 
ual interest. Papers by C. Borley of 
Mullard, by Finden and Horlock of 
Plessey and by K. J. Coppin of FE. K. 
Cole described actual machines that 
have been developed. All of these 
were preset positioning devices, clearly 
showing a trend in Britain toward this 
technique rather than continuous con 
touring. However, the impression 
gained was one of academic detach 
ment: one felt that more punch would 
have been given to the discussion had 
a few machine tool or plant engineers 
been present, since what took place 
was talk among the converted. 
- The process control papers—Papers 
on chemical and other processes pro- 
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Weston’s Pneumatic Actuator Control Valve Package 


Combines 6 Components in a Single 6.4 Ib. Unit! 


While controlling the pneumatic actuator, this weight and space saving valve also 

provides for snubbing pressure at the opposite end of the stroke. It affords extremely fast 

operation (maximum at .04 seconds) and low leakage (10 cubic inches per hour). 

The selector valve is non-interflow and detented to maintain position. If you have a weight and space 


problem, let Weston’s team of specialized package engineers solve your specific application. 


lI) psip f) a subsidiary of Borg-Warner Corporation 


HYDRAULICS LIMITED 10918 BURBANK BLVD., NORTH HOLLYWOOD, CALIF. DEPT. CE-9 
Export Sales: Borg-Warner International 36 South Wabash Ave., Chicago 3, Illinois 
Eastern Representative: Mr. W. R. Beckerle 14 South Boro Lane, Glen Rock, New Jersey Telephone: Gilbert 4-2094 


Midwest Representative: Mr. E. A. Polowniak 11767 Fawnridge Drive, Kirkwood, Missouri Telephone: YOrktown 6 4861 
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COLD 


WITH PARTLOW 
THE TEMPERATURE IS 
PRECISION-CONTROLLED 


partlow 


THE PIONEER IN MERCURY THERMAL CONTROLS 


Degrees mean dollars. That’s why Partlow 
Controls are used in more and more appli- 
cations where temperature control is criti- 
cal. Their pin-point accuracy insures posi- 
tive protection for materials and equipment. 
Partlow Controls are precision-built for 
use with gas, oil, steam or water valves; 
or electrical equipment. Available in 9 


Recording Temperature Control standard ranges, from —30° F. to 1100° F. 


Visit us at Booth 1305-7 
Instrument-Automation 


Sucre * See  SBaae Conference & Exhibit 


Sept. 9-13 . . . Cleveland 
THE PARTLOW CORPORATION Auditorium 
Dept. C-957, 2 Campion Road, New Hartford, N. Y. 


We'd like to know more about Partlow Temperature Controls. 
[] Have representative call. (J Send us your CONDENSED CATALOG. 


We are interested in Partlow Controls for the following applications: 








Company 
Street and Number 


City 





Signed 
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voked lively discussion in and out of 
the sessions. “Process Control Sys 
tems” by J. Keating and P. Slee of 
Shell-B.P. contained the more ad 
vanced thoughts on continuous com 
puter monitoring and analysis of plant 
performance, studies that are still in 
the theoretical stage. J. Halsall of 
ICI discussed some novel circuits fo1 
phase-sensitive rectifiers suitable as 
current generators for force balanc 
system feedback. 

One session was devoted to a di 
cussion of radio assay tracer tech 
niques and industrial applications of 
ac polography. The two most im 
portant contributions in this particular 
session were the papers by Dr. Rosen 
brock on “Approximate Relations Be 
tween Transient and Frequency Re 
sponse” and by Z. Czajkowski on 
“An Electronic Three-Term Control 
ler”. Dr. Rosenbrock’s was an ex 
tension of his earlier work on a quick, 
simple method, using special cursors, 
for the determination of transient re 
sponse from frequency response and 
vice versa. 

- Interacting vs. noninteracting sys- 
tems—The paper on three-term elec- 
tronic controllers (the result of work 
by Czajkowski under the direction of 
Dr. d’Ombrain at the Battersea Poly 
technic) described an interesting way 
of generating the three functions inde 
pendently to give a noninteracting 
system. Although, its six tubes made 
this a research or laboratory tool rather 
than industrial equipment, it sparked 
a lot of comment, both in and out 
of the session, on the merits of inter 
acting and noninteracting systems. 
And it recalled David Boyd’s paper, 
presented last year at Heidelberg, on 
“The Importance of Minimizing Hys 
teresis in a Process ‘Temperature Con 
troller’, because Bovd’s theory of dead 
zones renders it impossible to utiliz« 
fully derivative action. ‘Two schools 
of thought were in evidence at Cam 
bridge: one school feels that Boyd’s 
assumptions need verifying and the 
other claims that they justify the en- 
tirely electronic system inherently free 
of hysteresis (several control firms in 
the U. K. are working hard on this 
idea, some with trial equipment in 
the field). 

- Analog vs. digital—Another highlight 
for the control engineer was the last 
half of the simulator session. Here 
the controversial question of analog 
vs. digital computers was raised by 
R. J. Gompters of English Electric 
in his paper “Computing Applications 
Where Analog Methods are Superior 
to Digital”. Gomperts’ main argu- 





While many people talk 
automatic control, Beckman Systems 
Division is “closing loops” the 
country over . . . in steel mills, in 
aircraft and textile plants, in the 
petrochemical industries. Not yet 


E’RE READY mm to close the loop now 


fully automatic manless plants — but 
manless installations, production 
lines, and processes. From wind 
tunnels to paper mills, Beckman 
has provided the systems engineering 
experience and the advanced 
hardware necessary to convert manual 
and semi-automatic operations to the 
fully automatic efficiency required 
in the new industrial era. 


With reliable data processing and data 
reduction systems . . . with digital timing, 
computing, and recording equipment . . . with 
high speed digital and analog control equip- 
ment... with a firm, sure hand in the entire field 
of systems and applications engineering — Beckman 
Systems Division can close loops for you now. 


Beckman is ready with the know-how and hardware 
to tackle individual processes or entire plants, to close 
the loops that often spell the difference between product 
and reject, output and upset, profit and loss. In a time of closing 
loops, can you afford to be left out? 


If you have a control problem, send us a description of the 
application and a Beckman Systems Engineer will contact you. 
Write to Department D-6-46. 


Beckman® 


Systems Division 
25 N. Muller Ave., Anaheim, California 
a division of Beckman Instruments, Inc. 


See Beckman Industrial Instrumentation in Booth 1440 at the 
I.S.A. Show, Cleveland Public Auditorium, September 9-13. 
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recorded on 
SOUNDCRAFT type “A” INSTRUMENTATION TAPE 


and played back without error! 


In the new Rocketdyne IDIOT® II computer system, 4000 data bits (over 
500 bits of information per channel, per linear inch) have been stored in 
an inch of Soundcraft Type “A” Instrumentation Tape ...double the 
amount of information that has been stored in equivalent lengths of 
competitive tapes! What made the difference? Soundcraft Type “A” Tape 
.-. the only tape engineered specifically for pulse recording. Its special 
RCCH oxide formulation provides an extremely hard surface with high 
thermal softening point — prevents imbedding of foreign particles. The 
formulation is ee to the durable Mylart base by patented 
Uni-level process; then Micropolished to remove surface irregularities. 
These exclusive design features assure you of error-free pulse recording 
with Soundcraft Type “A” Instrumentation Tape. Write for Soundcraft 
Type “A” Instrumentation Tape Brochure. 


*Rocketdyne Instrumentation Digital On-Line Transcriber. Dupont T. M. 


reeves SOUNDCRAFT cone. 


10 €. 52nd St.,N.Y.22 @ West Coast: 338 N. La Brea, L. A. 36, Calif. 
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ment: the use of an analog method to 
solve engineering problems may be 
less accurate than the digital approach, 
but it is adequate. And it’s far less 
complex. 

In the same session an extremely 
competent paper on “The Application 
of Analog Computer Techniques to 
the Design of Aero Engine Control 
Systems” by Jeffrey of Elliott Bros. 
and H. Saville of Armstrong-Siddeley, 
Ltd., set the audience thinking on the 
complexity of the design work needed 
in what was a simple application of 
a closed loop with two subsidiary 
loops. Another important presenta- 
tion was the one by J. Henderson (of 
Birmingham University) on the use 
of cross-correlation between input and 
output signals as a method of deter- 
mining system transfer functions. 

In the office machinery papers the 
highlight was R. J. Froggatt’s on 
“Logical Design of a Computer for 
Business Uses’, which confirmed a 
rumor current in industry that EMI 
Electronics, Ltd., was entering the 
digital business computer field. This, 
the first published information, shows 
its machine to be serial-operated at a 
clock rate of 115 ke. with a word 
length of 36 digits. Input data is 
from standard punched cards, and the 
ouput line printer is the Power-Samas 
300 line-a-minute Samastronic. The 
first of these is due to go into service 
in the fall for production control at 
the Austin automobile factory. 

—D. B. 


Russians Plan 
N-S Orbit for Satellite 


Russia will place its earth satellite 
in a north-south orbit at a small angle 
to the meridian, Prof. Boris Petrov 
of the Soviet Academy of Sciences 
told a three-day international sym- 
posium on high altitude and satellite 
rockets at Cranfield, England, in July. 

The Russians apparently are con- 
fident that their propulsion system 
will provide sufficient velocity to over- 
come the disadvantages of a north- 
south orbit. U.S. plans for the Proj- 
ect Vanguard satellite call for an orbit 
as close as practical to an east-west 
plane, in order to take advantage of 
the earth’s rotational velocity. 

* Velocity gift—Reasons for the Ameri- 
can choice were explained to the sym- 
posium by Milton Rosen, technical 
director for Project Vanguard. “This 
earth rotational velocity is a gift, so 
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Quick Recovery 


Silicon 
Junction 


Diodes 


rAIER 
THAN GERMANIUM COMPUTER DEVICES 


...and able to withstand high voltages 





at high temperatures, these quick re- SPECIFICATIONS 





covery silicons are particularly useful 
‘ ee ' ‘ WIV @ 0.1mA up to 200V I ypes now 
in circuits where germanium once pro- 
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manium, breakdown voltages for the through 
pene 3 : 3 Recovery (modified IBM 400K ohms (min.) in one IN6290 
silicons increase with temperature ¥" teat) prec. when switched from 
’ 30mA forward to —35V 
reverse. 


thereby removing the danger of failure 





should temperatures rise to unexpected 


Reverse Current @ 25°C as low as 1,A @ - 


levels. This kind of ruggedness together 





. . . a . everse Curre ( 4 > as low as A & 
with increased speed identify the di- Reverse Current @ 100° low as 100,A @ 





odes as ideal when the demand for PT a eis combi 
Range 


reliability is greatest. 





PHYSICAL CONFIGURATION. Al! 


Perhaps one of the IN620 series will be just right “ 
types are packaged in the famous glass body, 


for your particular application; if not, there 


created at Hughes to provide absolute pro- 
will undoubtedly be a Hughes germanium or : ee ee 


. “we - tection from moisture penetration and con- 
silicon diode that is. For a call from one of our 


. ; ae tamination. Body length: 0.265 inch maxi- 
field sales engineers or for additional informa- ; 5 : 





1 um. Body diameter: 0.10§ inch maximum. 
non about our quick recovery Slucon diodes, : 


please write: 
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The New 
BRYANT MAGNETIC 
STORAGE 
DRUM 
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The new 512A Bryant general purpose magnetic storage drum 
is built to meet the exacting requirements of all permanent storage 
problems, yet is versatile enough to be used as a laboratory in- 
strument. It is the result of 25 years’ experience in designing and 
producing high-speed precision spindles. These standard 5” dia. x 
12” long drums are stocked for immediate shipment at a price 
that reflects quantity manufacture, far below the cost of customer- 
designed drums. 


Features: 
e Guaranteed accuracy of drum run-out, .00010” T. 1. R. or less. 
e Integral motor drive—Bryant precision motor 
e Capacities to 625,000 bits 
Speeds up to 12,000 R. P. M. 
500 kilocycle drum operation possible 
Accommodates up to 240 magnetic read/record heads 
Provides for re-circulating registers as well as general storage 
High density ground magnetic oxide coating 
Super-precision ball bearing suspension 
Vertical mounting for trouble-free operation 


Write for complete details on the new No. 512A 


BRYANT GAGE and SPINDLE DIVISION 


P. O. Box 620-L, Springfield, Vermont, U.S.A. 
DIVISION OF BRYANT CHUCKING GRINDER CO. 
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| WHAT’S NEW 


to speak, of which the launching ve- 
hicle may take advantage by favorable 
choice of launching site and direc- 
tion,” he said. “Obviously the best 
condition would be to launch due east 
at the equator, in which case the 
velocity gift would be 1,515 ft/sec’. 
*A compromise—Rosen pointed out 
that orbit requirements involve a bal 
ance between velocity performance 
and guidance precision—the more ve 
locity available, the less precision. 

“Tae Vanguard approach,” he said, 
“has been to maintain a substantial 
excess velocity capability and to hold 
the precision of guidance to that ac- 
ceptable for a minimum performance.” 

Experts say that firing from a site 
in the Soviet Union in any event 
would provide less of a rotational con- 
tribution. Apparently the Russians 
have decided to pass up the east-west 
advantage in favor of a north-south 
orbit which will give much greater 
coverage of the earth’s surface. 

It thus will be possible to observe 

the Russian satellite from all parts 
of the earth with the exception of 
areas of the Arctic and Antarctic. 
* Other Russian IGY activities—Petrov 
said no date had been fixed yet for 
the first Russian launching, and that 
the number of attempts to be made 
will depend on initial success in achiev- 
ing an orbit. 

Petrov headed a three-man Russian 
delegation to the meeting. He also 
outlined Soviet plans for firing a total 
of 125 high-altitude rockets during 
the International Geophysical year. 


Operation Far Side: 
\ New Approach 


Scientists at Aeroneutronic Systems, 
Inc., Ford Motor Company’s west 
coast subsidiary, have come up with a 
new approach to beat the friction 
problem caused by the high drag co- 
efficient of the lower atmosphere in 
rocket firings. ‘The answer: fire a 
1,900 pound rocket at 100,000 ft 
from the largest balloon ever launched. 

According to Dr. Ernst H. Krause, 
Vice President of Aeroneutronic’s, the 
four stage solid propellant rocket 
vehicle (nicknamed far side which 
wrongly led some people to guess the 
project was an attempt to photograph 
the far side of the moon) will carry a 
small 34 pound, highly complex pack- 
age of scientific instrumentation at a 
top speed of over 17,000 mph. Pur- 
pose of the test is to investigate at- 
mospheric and space phenomena at 
extremely high altitudes 





RELA 
Connectors 


for RAPID DISCONNECT 


Faster Inspection...Faster Testing... — 
Faster Servicing...Maximum Interchangeability 





Cannon offers you more than 18 different bese’ 

chassis connectors ...designed with all the latest feature 
accurate alignment, easy mating, proper connection, 
sealing where desired. 


Select the connector you want in standard, miniature, or sub- rm! 
ture sizes... for standard circuitry or printed circuitry. Up to 156. 
tacts...and a great number of combinations of contacts for cont 
audio, thermocouple, co-ax, twin-ax, and pneumatic connections. 
single- or double-gang. Some with shells, some without... all rugg 
constructed to take the many ‘‘in’’ and ‘‘out’’ operations of rack, panel, 
chassis, and sub-assembly applications. Special moisture-proof types. 
Standby units featuring goid-plated contacts to withstand deteriora- 
tion and corrosion. 


For an interesting discussion of the broad subject of “Reliability,” write 
for Cannon Bulletin R-1. 





CANNON ELECTRIC CO., 3208 Humboidt St., Los Angeles 
31, California. Factories in Los Angeles, Salem, Mass., 
Toronto, Can., London, Eng., Melbourne, 

Austl. Manufacturing licensees in Paris and 

Tokyo. Representatives and distributors in 

all principal cities. Please refer to Dept. 422 





For reliability in your rack-panel-chassis connectors...connect with 


Cannon! Write for Bulletin DP-10 and DP-101 Supplement. 
WHERE RELIABILITY 


iS THE 5™ DIMENSION 





MISSILE 


Performance Data , fi 
Yi! 


RECORDED ON-BOARD 


CENTURY MODEL 409D 
RECORDING OSCILLOGRAPH 


Numerous agencies engaged in the manufacture and evalua- 
tion of missiles have turned to the Century Model 409D Re- 
cording Oscillograph as a reliable means of collecting missile 


performance and control data. 


On-board mounting eliminates the}necessity for the costly and 
often not reliable RF link. 


The ruggedness and reliability of this 12-channel oscillograph 
have been demonstrated many times. One agency reports 
having recovered 42 satisfactory record rolls out of 43 firings. 
Another, using special mounting configuration, reports record- 


ing at 60 G's without damage. 


This 13 lb. instrument is compact enough to be installed in 
most missiles and all electrical connections including remote 
control are accomplished through a single multi-pin AN con- 


nector. 


Wire, Write or Phone 


sENTURY ELECTRONICS & INSTRUMENTS, INC. 


1333 North Utica, Tulsa, Oklahoma 
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WHAT’S NEW 


INJECTOR > ¢ MODULATOR 


Vivery 


piverege 
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COLLECTOR » 


Spacistor 


. . . pushes back frequency 
limits on semiconductors 


For those attending the sessions 
of the July semiconductor meeting 
sponsored jointly by AIEE and IRE, 
Raytheon Mfg. Co. had unexpected 
news: Raytheon scientists have de- 
veloped a new semiconductor device 
that promises two major advantages 
over today’s best transistors. Dr. Her- 
man Statz told the Boulder, Col., 
conclave he was sure that the new 
“Spacistor” will amplify at frequencies 
up to 10,000 mc. and will operate at 
temperatures up to 500 deg C. And 
he saw a variety of potential applica- 


Magnified view of new semiconductor de- 
vice (compared to a common straight pin 
at left) shows main parts: whisker-like ejec- 
tor and modulator, base and collector. For 
further size comparison, Spacistor is at 
tached to boat-shaped transistor mount 
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CYLINDERS 


Member of 
the National 
Fluid Power 
Association 


You save 40% space when you 
switch from outmoded tie rod 
cylinders to the T-J Spacemaker! 
It’s stronger, too! Fits right into 
automation programs in countless 
plants. Delivers top performance 


NEW LITERATURE—Send today for new 


@NEW exclusive ingenious cushion designs .. 
Super Cushion Flexible Seals for Air . . 
New Self-Aligning Master Cushion for Oil. 


@STRONGER than outmoded tie rod design, 
proven through actual tests. No tie rods to 
stretch. 


@ SOLID STEEL HEADS throughout the full line. 


@ COMPACT DESIGN eliminates tie rods, in- 
creasing the strength and reducing mount- 
ing space required, providing extra room 
for adjacent equipment. 


@ HARD CHROME PLATED body bores and piston 
rods ... assure you of long trouble-free 
service. (Standard at no extra cost.) 

@ METALLIC ROD SCRAPER, nor just a wiper, 
actually removes foreign matter from the 
rod. 

@PILOTED PACKING GLAND with extra long 
bearing. Additional strength and support 
to the piston rod. 


@OIL pressure to 750 p.s.i. AIR to 200 p.s.i. 


DELIVERY 
‘OFF THE SHELF! 





SQUARE HEADS WITH THE ROOS F 


/ wer 
- ws / SPACE 
(1-1 1-3 1-3) SAVED 








a) | SPACEMAKER provides 
edjocen! equipment witho 








and dependability with a big plus 
in advanced features. Wide range 
of styles, capacities . . . reduces 
man-hours and costs in all kinds 
of push-pull-lift jobs. Off-shelf 
delivery in 64,000 combinations! 
SM56 


Catalog 


a q\ with complete engineering details on Spacemaker line. 
xed Write The Tomkins-Johnson Co., Jackson, Mich. 


G2) TOMKINS-JOHNSON 


RIVITORS 


CONTROL 


AIR AND HYDRAULIC 


ENGINEERING 


CYLINDERS CUTTERS CLINCHORS 





tions in radar, guided-missile control 
systems and communications. 

But the news was not all good. For 
those with immediate problems de- 
manding high frequency and high 
temperature transistors, Raytheon 
could offer little help. Although a 
team of researchers have been develop 
ing the spacistor for two years, the 
company felt it would need three to 
five more years of R&D before Spacis- 
tors would be commercially available. 
¢ An electric field—Dr. Statz was able 
to describe how the new device differs 
from a typical transistor. The big dif- 
ference is an electric field. In the 
Spacistor (see drawing), a voltage is 
applied between the base and the col 
lector, producing a high electric field 
and virtually no current. Anothet 
voltage, applied to a fine wire called 
the injector, causes electrons to entet 
the region of the electric field. From 
here they flow rapidly to the collecto: 
contact. The resultant current is mod 
ulated by the application of a signal 
to another whisker-sized wire called 
the modulator. Since the modulator 
draws only a negligible current while 
causing the current between injector 
and collector to fluctuate, 
tion results. 

The Raytheon scientist also pointed 
out that the new device retains many 
transistor advantages. It operates on 
very low power, it can be tightly pack- 
aged, and it uses no strategic materials. 


amplifica- 


COMPUTER NOTES 

irst electronic data processing 
equipment installed in the textile in- 
dustry is an IBM 305 Ramac (Ran- 
dom Access Method of Accounting 
and Control), which will be used by 
United Merchants & Mfg., Inc., to 
solve merchandising problems. 

* 

IBM has installed a transistorized 
pilot model of the IBM 738 high- 
speed memory unit at the Rand Corp. 
in Santa Monica, Calif. The memory, 
IBM’s first transistorized computer 
component, doubles the effectiveness 
of an IBM 704 computer by quad- 
rupling maximum storage—increasing 
capacity to 32,768 six-letter words. 
IBM reports access time to be 12 mil- 
lionths sec. 

e 

U. S. Navy’s Bureau of Ships has 
bought a UNIVAC-LARC to help 
design nuclear reactors in shipboard 
power plants. The $3,500,000 com- 
puter will do more than 100,000 mul- 
tiplications each second. 





a low-cost cure for high-voltage headaches! 


MOTOROLA 60-VOLT 
POWER TRANSISTOR 


for control applications 


@ Reliable Operation With : Operation of high-speed 
High Junction Temperatures / Bi: printers and other 
electro-mechanical 
output devices 
e DC converters and 
other switching service 
— e Motor controls 


e Power supply regulators 
CHECK THESE TYPICAL CHARACTERISTICS “QQ ° Line voltage regulators 
OF THE MOTOROLA MN-21 


VcE Ves B % ‘ : 
pase JIC = 2A. | Ic = 1A. | ore ee NG RESISTANCE Wherever high-voltage 
Qe ee ST 4 power transistors 


@ More Stable With Heat Cycling 
@ Better Current-Handling Capacity 
e@ Exceptional Gain 


@ Now Available in Quantity 














65V. | .GV. 55 1.2 | 50usEc. en are required! 

















Collector rating of 40 Watts 
with mounting base at 30°C. 











SAMPLE ORDER — 4 FOR $24.00 “DEPENDABLE QUALITY—IN QUANTITY 


For full technical information concerning MOTOROLA 
this and other performance-proven Motorola 
semiconductor devices, write, wire or phone 
Motorola, Inc., 5005 East McDowell Road, SEMICONDUCTORS 
Phoenix, Arizona. BRidge 5-4411. 
MOTOROLA, INC. 


5005 E. MecDOWELL 
Other Motorola Quality Products Include: PHOENIX, ARIZONA 


Transistors 


High-Power & High-Voltage Silicon Power AQ Medium-Power 
, audio'Trensistors Power Transistors Q Rectifiers S&S 
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Don’t miss 


INSTRUMENTS IN 











BOOTH 1346 


5 The amazing new 
SEE e@ “AUTOMATIC CHEMIST”! 


“The most dramatic exhibit in analysis instrumentation at the re- 
cent British Instruments, Electronics & Automation Exhibition 


in London”. CONTROL ENGINEERING 


This Titromatic Analyzer, containing an array of glass vessels 
controlled by automatic taps and a control unit for sequencing 
the titration, connects to the main plant stream. It releases up 
to three chemists for other work, quickly paying for itself. 


Don't miss this one! ASK FOR BULLETIN EIL.34! 


SEE! The new Robertshaw VIBRASWITCH 
Malfu action Detector 


New principle is used by this invaluable unit to stop costly 
equipment damage by detecting damaging malfunctions. See it 
demonstrated right in the booth. Get all the details on how it 


can protect your rotating, reciprocating and other equipment. 


ASK FOR BULLETIN 600-5! 


SEE! The new In-Line Liquid 
Conductivity Cell 


New ... for high temperature and pressure applications—up to 
1000°F. without compenscatian, and up to 250 psi pressure. 
Eliminates the need for sample coolers on many applications. 


ASK FOR BULLETIN IDS-004! 


1 am unable to attend the Show. Please send me the technical 
bulletins on Robertshaw Instruments as checked below: 
[ EIL-34 | | RMC [ WK-B221 
{[} 600-5 | FL-197 [] EW-3311 
IDS-004 F-104 Details on new 
F-340 IDS85-2 metal-ceramic 
sealing technique. 
Name —— sutesiienlancaeiiaatciah iti 
a 


Address 
City 











ACTION Demonstrations of 
these new and improved 


N Robertshaw 


instruments ! 


Booth 1346—ISA Instrument Exhibit 
Auditorium, Cleveland, Ohio, Sept. 9-13, 1957 


SEE! The new IRC-Robertshaw 
Pressure Scanning System 


This new combination pressure-temperature scanner utilizes a 
new low-cost pressure transducer. It's too hot to describe here, 


but be sure to see it in action at the booth! 


ASK FOR BULLETIN F-340! 


SEE! The new Rogers 


Moisture Controller 


with the new vibratory feed cell. Continuously monitors and 
controls moisture content of granular material. Prevents jam-ups 
. «+ gives superior performance. See it in action on polyviny! chips! 


ASK FOR BULLETIN RMC! 


SEE! The new Land 


Radiation Pyrometer 


ond the Land Surface Pyrometer in dramatic demonstrations 
right in the booth...plus the world’s most superior line of 
pyrometer mounting accessories, temperature sensing elements, 


recording and controlling instruments 


ASK FOR BULLETIN FL-197! 


INSTRUMENT DIVISION 


Dept. S, 2920 N. 4th St., Philadelphia 33, Penna. 


SEE! Samples of high temperature, high pressure metal-ceramic seals produced by a new Robertshaw technique. Let's discuss your 
® 


nuclear power, jet engine, rocket, missile and other high temperature applications at the ISA Show . . 
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or mail the coupon! 





Don’t miss 


INSTRUMENTS IN 





at 


BOOTH 1346 


SEE! The new P-E-P 


Transmission System 
it will be in actual operation! Completely 
new in concept, this system promises to 


revolutionize tic trar 


Pp >n in- 





strumentation. You'll have to see it to 


believe it! 
ASK FOR BULLETIN IDS85-2! 


SEE! Fielden Level Controls 


in action on both liquids and granular 
material. Be sure to get the new Level 
Controls Brochure compiled by Fielden 
Level Control specialists. 


ASK FOR BULLETIN F-104! 


SEE? the new Ell Model 
33, Vibrating Condenser 
Electrometer 

This instrument has a pH measuring unit 

with which full scale readings of 0.1 pH 

are attained, plus a current and resist- 
ance measuring unit. Look it over and 
let's discuss it in detail. 


ASK FOR BULLETIN ENL-3311! 


SEE! The new Wayne Kerr 
B 221 Bridge 


and accessories for laboratory measure- 
ment of dielectric constant conductivity, 
permativity and boundary layer impe- 
dance. 


ASK FOR BULLETIN WK-B221! 





WHAT’S NEW 


AROUND THE BUSINESS LOOP 


Subcontracting, GE Style 


How a big company, deep 
in military and _ industrial 
work, goes about farming 
out specialty control jobs, 
and what the results are for 
itself and its vendors. 


Last June General Electric Co. re- 
vealed that small business concerns 
were going to share in a $158-million 
missile contract to the tune of more 
than 50 percent. But “revealed” 
might not be exactly the right word, 
because there was little in the way of 
a revelation in the announcement: it 
is standard procedure for GE to let 
small business handle specific phases 
of a control assignment on which it 
does the overall systems engineering. 
It’s a philosophy that’s far from an 
altruistic approach. 

lake the contract just mentioned. 
It concerned the development of nose 
cones for the Atlas intercontinental 
and Thor intermediate ballistic mis- 
siles, two big components in the AF 
ballistic missile program, which is un 
der the direction of the Air Research 
& Development Command. The nose 
cone for these missiles, the part that 
contains the warhead, must re-enter 
the earth’s atmosphere from extreme 
altitudes at tremendous velocities. All 
this means control specialists and spe- 
cial control skills, and some of these 
GE doesn’t have. 

But that isn’t to say it wants them. 
It’s pretty expensive keeping highly- 
paid production and R&D men 
around when they’re not being used 
constantly. And—something that’s far 
more important—it’s not good for busi- 
ness, because there is a give and take, 
an interchange in business, just as 
there is in other kinds of successful 
relationships, and GE knows this. 

¢ Make or buy?—However, there is a 
phrase in the business world that car- 
ries more meaning than building re- 
lationships, and this is “make or buy”. 
GE has its own point of view about 
this. ‘Talk to Herbert L. Schnell, a GE 
consultant on manufacturing and fac 
tory equipment subcontracting in the 
Materials Service Dept., who'll spell 
out GE’s thinking on make or buy 
this way: “GE will take the big risks 


rtunities which chal- 
lenge us, and break them up into the 
greatest practical number and variety 
of small jobs for ir subcontractors.” 

This is the ind-take part of the 
philosophy. ‘Th momy part is just 
as logical, particularly because it’s got 
to do with specific figures. In 1955, 
says Schnell, GI uld have called on 
40,000 small companies for help in 
fulfilling contracts; today that number 
has increased to 42,000, and it’s con- 
stantly growing. With all these com- 
panies eager to do business with GE 
and with many of them, small though 
they are, better equipped in specific 
control areas than GE, it is often more 
reasonable to “‘buy” parts (have them 
made under a subcontract) than make 
them. And that’s just what GE fre- 
quently does. 

Decisions, of course, must be made 
on making or buying, and that means 
evaluations. And when it comes to 
evaluations, GE ceases to be a large 
company and becomes a group of small 
ones. In other every one of 
GE’s 159 plants are autonomous in 
the make-or-buy department: when the 
individual plant manager deems it eco- 
nomical from the dollar-volume stand- 
point, that’s when the make-or-buy 
philosophy is applied. As Schnell says, 
“Make or buy evaluations are essen- 
tially necessary in a highly competitive 
era where science, inventions, and en- 
gineering are guarantying that methods 
and processes in use today will become 
obsolete tomorrow or a vear from now. 
This competition the driving force 
behind the wheels of progress.” ‘That 
last sentence loaded with cliches, 
but GE’s not worried: if the cliches 
work, that’s all that counts 

¢600 subcontractors—An examina 
tion of the nose-cone contract men 
tioned above yields additional facts on 
GE’s procedures in subcontracting 
control work. The share of the total 
dollar volume going to small businesses 
involves both materials and services, 
and adds up to more than $80 million, 
which is somewhat over the half-way 
point in the contract’s total $158-mil- 
lion value. Says George F. Metcalf. 
general manager of the CE. Missile & 
Ordnance Systems Dept., “Currently, 
we are utilizin the services of over 
600 supplies ind subcontractors on 
ject, 85 percent of 


and the big opp 


the nose-cone pt 
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WHAT’S NEW 


a® 


T-E’s AvroREF Provides 
+ Cold Junction Compensation 
For Many Thermocouples 


Ideal For Data Reduction Systems 


whom represent ‘small business’ as 
defined by the military services.” 

He adds, “The extremely tight time 
schedule demanded by the country’s 
most urgent defense program and the 
importance of the nose cone to that 
program, require that both small busi- 
ness and larger firms contribute their 
efforts in technical areas where each 
can perform with maximum efficiency. 
Thus, by utilizing the unique talents 
of small, specialized firms for develop- 
ment of components and subsystems, 
General Electric can concentrate on 
the critical research programs and on 
the overall system engineering projects 
which require vast resources of exten- 
sive manpower and facilities found only 
in large, diversified companies.” 

A team of 2,000 under Manager 
R. W. McFall is working full-time 
on research, systems engineering, de 
sign engineering, and development 
manufacturing for the nose cone. 
Within this section, top company 
managers plan the programs, organize 
the development teams, integrate the 
operations, and constantly measure 
progress. One major reason for this 
planning, organizing, integrating, and 
measuring is to make sure that the 600 
subcontractors don’t fall behind and 
that their product is up to standard. 

¢ Price, quality, service—It’s pretty 
obvious that a few good subcontracts 
can take a company out of the sub- 
contracting bracket and put it on the 
road to becoming the size of GE itself. 
It happens all the time to those com- 
panies that furnish the right price, the 
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COPPER WIRES—> 








For any test cell work where tempera- 

tures and other D.C. signals must be 

recorded together — as on multi-point 

recorders or data reduction systems 

—T-E’s “AutoRef” provides fast, accu- aaeded 

ee tenon iad right quality, and the right service, 
Spe : ’ because the opportunities are there. 

compact unit it gives you constant, pre-determined, cold-junction As Metcalf says, “Subcontractors will 

reference for many thermocouples — actually up to several hundred. receive from 39 to 43 percent of the 

Typically, cold-junction temperatures can be controlled to within dollar volume from the latest research 

“1°F. over a wide range of ambient temperatures. and development contracts we have 

received from Picatinny Arsenal of the 

Besides its accuracy, the “AutoRef” offers tremendous convenience Army Ordnance Corp. This percent- 

— saving both time and effort. Designed for panel rack mounting, it age compares favorably with the 40 

can be introduced anywhere in the thermocouple circuit — no matter percent Ser yaot production and te 


: 44 percent for quantity production 
where thermocouples and instruments are located. Whenever tem- now being subcontracted on other 


peratures, pressures, flow-rates and other electrical and mechanical Army Ordnance contracts. 
conditions are being recorded simultaneously, the “AutoRef” does “On one research and development 
away with the need for maintaining ice baths or making laborious contract alone,” he continues, “our 


atuliciadunl: tie - $? 
correlations. It is available for all standard thermocouple calibra- department will subcontract over $2 
Matin million. The magnitude of these 


awards by one department of one com- 
pany on one R&D contract is an 
indication of the opportunities avail- 


e . 
es di{ht] ectr beg G J able to small business in the extensive 
(4 0, VC i R&D programs being undertaken for 
SADDLE BROOK, NEW JERSEY i the military services on an industry- 

In Canada — THERMO ELECTRIC (Canada) Ltd., Brampton, Ontario wide basis.” 

Schnell cites the case of ‘J homp on 
Products, Inc., of Cleveland, which 
Continued on page 300 
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Write for Bulletin 81-B 
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Chapter Vil; Volume I 


THE AD THAT WANTED TO BE PUZZLING 


- 


There once was an ad that didn’t want to have cross words with its readers, yet it wanted 


to be noticed— realizing that engineers enjoyed problems, it decided to be puzzling. 


MORAL: If you can’t convince ’em, confuse ’em. 












































ACROSS 
1 Scientific study of methods of control 

and communication common to living 
organisms and machines...also title of 
book most commonly quoted by 
particularly pedantic engineers. 
A Hollywood idol by any other name would 
be a well-known B/L product for the read- 
ing and analysis of oscillographic record. 
To dally with the mockup. 
Subject to a radical change by the 
application of a slight force, 
or horsepower at rest. 

15 Didactic symbolism (abbrev.) 
or in chemistry, dysprosium 

16 Part of name of the old alma mammy 

17 Having dined 

18 Portion of non-solidifying oils 
(slightly old spelling) 


21 Abbrev. for beaucoup rupees 
(we had to dig for this one) 
22 Cheery greeting to chief 
project engineer at 8:30 a.m. 
23 Two in binary 
24 Precious metal similar to 
toothpaste ingredient 
28 '/\o of a millimicron 
29 When you've got to... you’ve just got to... 


DOWN 
Standard of judgment, usually varying 
in great degrees between management, 
engineering and purchasing 
B/L product used in analysis 
of frame by frame film records 
Yet to be designed into 
automatic computers 
Publisher of ‘‘valve’’ handbook 


Another in a series of adsmanship parables provided 


as a public service by Benson-Lehner Corporation. For the 


solution to the above puzzle, or some startling information 


about a revolutionary new computer output device, 


write for our new Electroplotter S brochure to: 


: | 
ae bemson-le 














Capture, as in recruitment 

Brooklyn lubricant 

Personal pronoun often used to describe 
latest prototype 

The intimate language of a computer 

A string of black boxes plus 
interconnecting cables 

A wrestling hold learned by 
engineering department secretaries 
Two-word phrase describing attitudes of 
personnel managers toward engineers 
Beats one of a kind 

World’s largest institution 

of higher learning 

Direction of a woman driver with her 
left hand held straight out (abbrev.) 

A solution to postponed work 

Abbrev. for a smal! quantity; 

also a sometimes mobile object 


corporation 


11930 Olympic Boulevard, Los Angeles 64, California 


OFFICES: LOS ANGELES; SUMMIT, N.J.; WASHINGTON, D.C.; DAYTON, OHIO; LONDON; PARIS AND OTTAWA. 


Service centers in 15 cities throughout the world. 





For a permanent file of this series write to Benson-Lehner, Dept. $2 for your Adsmanship Handbook folder. 


— a 
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‘American-Microsen’ Electronic 





ELECTRONIC 
TRANSMITTERS 


“Complete” is the word for the 
line of ‘American-Microsen’ 
Transmitters. You can select 
units for pressures up to 50,000 
psi and all temperature ranges, 
as well as for flow, level, pH and 
all the electrical measurements. 


These instruments can transmit 
up to 30 miles in a split second, 
and the de signal is most accurate 
and trouble free. They are com- 
patible with practically all data 
logging and computer systems 
and extremely easy to install and 
maintain. 


ELECTRONIC 
CONTROLLERS 


. and here’s the new ‘American- 
Microsen’ Controller. You have a 
choice of three plug-in units —a 
vertical scale indicating control- 
ler, a recording controller, and a 
round-seale indicating controller 
that can be interchanged with the 
recording type in seconds. 


All components are in a single 

housing. Equally important, the 

controller is transistorized for 

greatest reliability and long serv- 

ice life. All control modes — pro- 

portional, rate, reset, cascade, etc. 
are available. 


MULTI-UNIT 
GROUPINGS 


Now, here’s a new idea that helps 
cut the cost of your panels and 
even your control rooms. You can 
“cluster” a whole group of con- 
trollers and recorders in a single 
unit. The group mounts on a 
standard relay rack and occupies 
an absolute minimum of panel 
space. 


There’s no clutter of wires and 
pipes behind the panel — with the 
‘American-Microsen’ System! 
Even with the controllers mounted 
so close, the installation is clean 
and easy to service. 











MANNING, 


MAXWELL 


M 


TRADE MARK 





‘AMERICAN-MICROSEN’ . . . the all-electronic 
system of miniature-type instruments that 
provides the ultimate in process control, prod- 
uct quality and total economy. 
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VERSATILE... 
INTERCHANGEABLE 


Take a look at this vertical scale 
indicator. It can have one or two 
separate pointers on a single scale 
and comes in multi-unit enclo- 
sures to take up the least possible 


space on the panel. 


Talk about a neat package — this 
slim manual valve operating sta- 
tion is it! It uses the same com- 
ponents as the controllers. You 
can be sure the ‘American-Micro- 
sen’ Electronic Transmission and 
Control System offers a whale of 
a lot in interchangeability. 


TRANSDUCERS... 
VALVE OPERATORS 


You can operate pneumatic dia- 
phragm valves with these trans- 
ducers — or you can use the self- 
contained electro-hydraulic valve 
operator and eliminate all air. 
The electro-pneumatic relay has 
a built-in booster to give a capac- 
ity of 8 cfm. That’s the highest 
of any! 

The ‘American-Microsen’ electro- 
hydraulic valve operator will 
stroke all valves up to 16 inch and 
larger. It delivers up to 3250 lbs. 
of thrust. No other in its price 
range compares with that! 
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Convince yourself ! See the ‘Amer- 
ican-Microsen’ Instruments at the 
ISA Instrument-Automation Con- 
ference and Exhibit. Visit Booths 
932-936-938-940 at the Cleveland 
Auditorium, Cleveland, Ohio 
September 9th through 13th. 


If you can’t make the ISA Show, 
write for literature and ask a 
sales engineer from our nearby 
district office to call and explain 
the advantages of ‘American- 
Microsen’ Instruments for meas- 
urement, transmission 
trol. You will not be obligated in 
any way. 


and con- 











MAXWELL & MOORE, INC. 


INDUSTRIAL CONTROLS DIVISION 


Stratford, Connecticut 


MAKERS OF ‘AMERICAN-MICROSEN’ ELECTRONIC INSTRUMENTS FOR MEASUREMENT, TRANSMISSION AND CONTROL 
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HETHERINGTON 


SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 


ENGINEERING NEWS #6 


LIMIT SWITCHES 


for Heavy Current Jobs 


D200 w100 
SERIES SERIES 


For heavy-duty limit or positioning 
applications, Hetherington offers a 
variety of special switches with rat- 
ings from 10 to 35 amperes. 

Pushbutton types, such as the 
slim, 9/16” diameter “W100” Series 
or the 35-amp “D200” Series, fea- 
ture short, unusually sturdy plung- 
ers that afford positive direct opera- 
tion in minimum space. Threaded 
aluminum bushings provide easy 
mounting and positioning. 

Where switches must operate 
against sliding surfaces, the cam- 
operated ‘D7000” Series proves 
ideal for many applications. Flush 


D7000 SERIES 


mounting, and only 2-27/64” long 
by 3/4” square, this small switch 
has a polished stainless steel cam 
which retracts within 1/32” of the 
switch body. Over-travel is 9/32” 
minimum. 

‘Like most Hetherington prod- 
ucts, Limit Switches use Hether- 
ington’s tease-proof, double-break, 
snap-action mechanism. A variety 
of single-pole contact arrangements 
are available on each type. Switch 
mechanisms are effectively sealed 
against dust and moisture by in- 
tegral anodized aluminum hous- 
ings. Cases are especially rigid 
to withstand severe service. 





For Lamp Circuits that 


MUST NOT FAIL 


Lamp burn-outs and circuit failures 
can present real hazards in critical 
warning light applications. To mini- 
mize the danger, the Hetherington 
L3000 Series allows the lamp and its 
circuit to be checked at any time 
merely by pressing on the spring- 
mounted plastic lens. 

An anodized aluminum case seals 
the L3000 against dust, while a rubber 
“O” ring and silicone boot fully mois- 


. 
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tureproof the lens and_ plunger. 
Highly reliable AN3140 lamps used 
in the L3000 series add still further to 
the dependability. 

Details on the L3000 line are in 
Hetherington Bulletin L-la. Small 
quantities of Type L3000R (red lens, 
28v) are stocked by many leading 
electronic parts distributors. 


SCREWDRIVER- 
OPERATED 
ROTARY 


Simplifies Circuit Testing 


An aircraft equipment manufacturer 
needed a small, yet high current 
switch that could be concealed for 
use only during installation or routine 
maintenance testing of his equipment. 
The answer was the Hetherington 
Type R1043—a screwdriver-operated 
version of the popular R1000 Series 
Rotary Switch. 

Accessible, yet readily hidden be- 
hind the chassis, the R1043 allowed 
easy circuit transfer from “Operate” 
to “Test” with far greater reliability 
than the space-consuming, jumper- 
type test fittings previously used. 


Only %” in diameter, the R1043 
rotary switch breaks 20 amps (resis- 
tive) at 28v de. In spite of its size, 
the positive snap-action assures ade- 
quate leverage to break contact weld- 
ing from overloads. 

No bulletin is available on the 


R1043, but dimensions, ratings and 
contact data will gladly be sent. 








FAST, 
STOCK DELIVERIES 


.-~ from local Parts Distributors 


In many areas you can now get im- 
mediate delivery of most popular 
Hetherington products . . . and at 
factory prices for less than 50 pieces. 

For the name of your nearest elec- 
tronic parts distributor and bulletins 
of the Hetherington products he car- 
ries, write directly to: Distributor’s 
Div., Hetherington Inc., 26 Ritten- 
house Place, Ardmore, Pa. 


: jaa HETHERINGTON INC. DELMARDRIVE, FOLCROFT, PA. + 139 Illinois St., El Segundo, Calif. 


IN LARGER FACILITIES TO SERVE YOU BETTER 





VERSATILITY OF DES irae 
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G.T. computer transistors 


®MINIATURIZATION General Transistor’s PNP and NPN 
transistors are playing’ a vital role 
in advancing the designs of control 


[<> BE Se’ E'S DP EES 


®PORTABILITY 





systems 
PRELIABILITY Versatility of design is now available 
write today for Bulletin G-100 con- 
TeolTaliale Wohi Mag el-+ Mit tmeleleMlellial-tal tielalel| 
ro ldehalale ke) 


®EXTENDED LIFE 


Typical Applications: 

Relay Amplifier 

Direct Current Switch 
metolicl-ti-.aialaia-lololelth M- Maelaliae)| 


Tina) Liha alale Molale Maslialichitiar dial: Males hie 
with GT germanium alloy type tran 
iit iele Sam celalige] MME -talellal-1-1e Mole Malek 
able to design lighter weight,’ port 
able, more reliable units than by 
previous methods with conventional 


i aliadelelate Marliiiti-ieeiale| switching 
Servo driver applications 
(elabigel Mile latilale| 

Phase detector circuitry 


components Low level modulation 
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\p new!...printed circuit 


| 
b 


e 
5 4 Actual Size 


designed for use in one of 
LONGEST 


PRECISION MOLDED the country’s largest military 
CONNECTOR KNOWN 





data processing systems 


Again, Continental Connector proves its reli- 
ability and engineering know-how with this 
remarkable new printed circuit connector. 
Overall length is actually 92742”... the long- 
est, single piece precision molded connector 
known! 

Standard molding compound is high impact 
reinforced glass Alkyd (other molding mate- 
rials available on request). 34 contacts have 
.250” spacing including heavy barriers for 
extra protection and long creepage path. 
Patented “Bellows Action” contacts are con- 
servatively rated to accept printed circuit 
board thickness of .054 to .072”, while main- 
ONE PIECE taining low contact resistance and positive 


EXTRA 3 . GLASS REINFORCED spring action grip over entire printed circuit 
LONG ALKYD MOLDING 

CREEPAGE + 

PATH 


contact area. Maximum board length is 8%”. 
Self-alignment of “Bellows’’ Contacts* allows 
for any residual warpage of printed circuit 
board. An anodized aluminum shield for dis- 
sipating heat is available as an optional 
accessory when required (see illustration). 





Our engineering staff is available for devel- 

‘ oping other unique design printed circuit con- 

EXCLUSIVE Va nectors that may solve your special connector 

DESIGN = problems. For complete technical specifica- 

“BELLOWS” , tions, write to Electronic Sales Division, 

CONTACTS ‘ DeJ UR-Amsco Corporation, 45-01 Northern 
4 Boulevard, Long Island City 1, New York. 


SPRING TEMPER 

PHOSPHOR BRONZE 

GOLD PLATED 

CONTACTS Fe SERIES 600-78 


Printed Circuit Connector 
with board inserted 


ANODIZED } you're ‘ progress in 
ALUMINUM always electronic a 

SHIELD FOR eure Goun) 
HEAT DISSIPATION sing cial components cance 
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Automatic Electric, originator of the dial telephone, 
has been the leader in the development of ‘‘telephone 
type” control components for industrial use. The step- 
ping switches, relays and other controi equipment shown 
in this catalog are essentially the same as those used 
in Automatic Electric telephone equipment. Experience 
has proved them to be most reliable and long-lived, 
requiring only a minimum of service and attention. 


STEPPING SWITCHES TO MEET EVERY REQUIREMENT 
Fast Stepping, Smooth Running, Positive Stopping 





















FOR COMPLICATED SPACE AND WEIGHT PROBLEMS Here’s a 
small switeh (4)4x2t¢4x8]") with large capacity. By proper 
arrangement, this sturdy switch can provide 10-, 20-, or 30-point 
operation. One-coil design elminates the needless cost of a 
separate release coil. Runs efficiently at 80 steps per second 
(self-cycling speed). Dependable, Type 44 rarely needs adjust- 
ment in the field. This sturdy switch averages a life of 200 
million steps, self-interrupted. For any d-c voltage up to 110: 
or for 115 volts, 60 eyeles a-c, with rectifier. This switch is 
available with bank contact terminals to fit Aircraft-Marine 
Products (AMP) Series 78 “Taper Tabs.” 

SPECIFY TYPE 44 


















FOR LARGE CAPACITY REQUIREMENTS Available with 2 to 12 
twenty-five point, or up to 8 fifty point bank levels. Can be 
used with wipers arranged independently for 25-point opera 
tion; or in staggered pairs for 50-point operation. Operates at 
approximately 70 steps per second for self-cyeling. Type 45 is 
the first large capacity switch with one-piece, single-sided open- 
type frame. Will average a life of 250 million steps, self-inter 
rupted. For up to 110 volt d-c, or 115 volts, 60 cyeles a-e, with 
rectifier. Size 4 x5'4"x6%" (for 10 levels). This switch is 
available with bank contact terminals to fit Aireraft-Marine 
Products (AMP) Series 78 “Taper Tabs.” 

SPECIFY TYPE 45 




















FOR CAM-SWITCHING, ALTERNATE ON-OFF, OR STEPPING Simpli 
fy engineering by using this versatile unit to combine relay and 
stepping switch functions. It’s shock-resistant and compact. Use 
it for cam-switching to replace entire banks of relays and 
switches. You can also specify this switch to replace delicate 
latch-in type relays, even for applications subject to extreme 
shock, vibration and temperature changes. For stepping opera- 
tions, stepping is high speed, accurate. Can be driven self 
interrupted to produce a time cycle, or for “homing.” Size 
314 "x2 x] (for three cams). Height (last dimension 


for one or two cams is | : length for four to six cams is 54% 





SPECIFY SERIES OCS 






FOR COMPLETE INFORMATION on these Automatic Electric switching 
components, including mounting diagrams and ordering information, ri q 
write for Circular 1698-PD. . oe 


A HELPFUL GUIDE TO RELAY SELECTION 





FOR DIMENSIONAL 
DRAWINGS, standard 
plug wiring diagrams 
and standard meth- 
od of contact spring 
assembly, write for 
your copies of Cir- 
culars 1800-1804 PD. 











FOR OUTSTANDING ENDURANCE AND DEPENDABILITY 


When extremely long service and reliable operation are demanded, this relay 
meets the requirements. Life often exceeds 400 million operations. Ideal for 
computers, fire control, pulsing or switching functions. Choose the Class B relay 


for the most exacting high-speed or marginal operations. For AC or DC operation. 





A HUSKY NEW SPACE-SAVER 


Introducing a new telephone-type relay, designed for dependable long-life industrial 
service . . . where weight and space considerations determine size limitations. 
Based on the rugged Class B design, this is a universal relay, engineered for a 
variety ef uses demanding compact size coupled with our usual high standard 
of reliability. 





WHEN FIRST COST IS IMPORTANT 


When you want relays that will hold down costs, yet provide dependable opera- 
tion and long-life, specify the Automatic Electric Class A relay. This is the 
original “telephone-type” relay. A wide variety of coils, contacts, contact spring 


arrangements and mounting facilities makes this truly the “all-purpose” relay. 





FOR EXACTING MINIATURE APPLICATIONS 


Specify this relay for aircraft use, where a small, light relay is required, resistant 
to shock and vibration. Will meet many standard 10G vibration tests. Can be relied 
upon for fast pulse response because of its small mass and slight self-inductance. 


Voltages shown are nominal. Series SQPC available for printed circuits. 
£ .. I 





FOR MAXIMUM TIMING WITH REDUCED SIZE 


Similar to Class A relay, but smaller and does not provide the same sensitivity 
and range of time delay characteristics or the exceptionally large number of con- 
tact springs. Choose Class Z relays where a small, light relay is needed but long 


life or time delay is of greater importance than extremely small size. 





FOR LOW POWER CONSUMPTION ON A. C. 


Choose this relay where the number of relays required doesn’t justify a rectifier, 
where operate and release time delays are not a factor and where low power con- 
sumption is a must. When operate and release timing is required, an inexpensive 


rectifier can be supplied for use with any d-c relay shown on this page. 





WHEN SENSITIVITY TO MAGNITUDE AND DIRECTION OF 
CURRENT ARE REQUIRED 
Series PHD and PLD are available for either “2-position” or “3-position” opera- 
tion. Series PTW provides only “2-position” operation. “2-position” relays “stick” 
operated until current is reversed; “3-position” operation provides a neutral posi- 


tion for the armature when no current is flowing. 


PLUG-MOUNTING SOLVES INVENTORY, 
REPLACEMENT PROBLEMS 


More and more design engineers are specifying plug-mounted Auto- 
matic Electric relays. They find that plug-mounting often simplifies 
replacement problems, minimizes inventory and practically eliminates 
“downtime” for routine maintenance. All relays on this page, except 
the Series PHD and PLD, can be plug-mounted with a choice of 8-, 9-, 
12- or 20-pin plugs. Covers are available for most relays. 





FOR INFORMATION on 
Series SQPC Relay for 
Printed Circuits, write for 
Relay Highlights No. 9 
PD. 





FOR INFORMATION on 
Series PTW Relay, write 
for your copy of Circular 
1821 PD. 


FOR MORE DETAILED IN- 
FORMATION about Auto- 
matic Electric relays and 
ordering information on 
assemblies, write for 
Circular 1702 PD. 








OPERATING TIME, 
SECONDS 


0.002-0.030 
0.040-0.120 
0.004-0.035 
0.020-0.055 
0.010-0.025 
0.010-0.030 


SERIES 


BQA 
BSO 
BSR 
BSA 
BFA 
BMS 


RELEASE TIME, 
SECONDS 


0.005-0.050 
0.025-0.350 
0.035-0.600 
0.035-0.600 
0.008-0.020 
0.015-0.050 


MAXIMUM 
COIL VOLTAGE 
250 de 
135 de 
135 de 
250 de 
230 ac 
250 de 
**Up to 0.600 sec 


MAXIMUM NO. OF 
STANDARD CONTACTS CONTACTS}++ 


24 Spgs 
**24 Spgs. 
*6 Spgs. 
*6 Spgs. 
24 Spgs. 


***2 Form C 


TYPE OF 

WEIGHT 
8-12 oz. 
8-14 oz 
8-14 oz. 
8-14 oz. 


Code 0—18 ga. 
Twin 


8-14 oz. 


Snap-action 7-11 oz. 


release time on BSO Relay with 6 springs maximum 





0.002-0.030 
0.015-0.050 
0.005-0.030 
0.015-0.030 
0.005-0.025 
0.010-0.030 


0.005-0.025 
0.050-0.125 
0.050-0.125 
0.050-0.125 
0.005-0.025 
0.015-0.030 


150 de 
110 de 
110 de 
110 de 
220 ac 
150 de 


26 Spgs. 
26 Spgs. 
6 Spgs. 
6 Spgs. 
20 Spgs 
2 Form C 


Code 0—18 ga. 


Twin 


Snap-action 


DIMENSIONS 
(MAX.) IN 
4-3/32 x 2-3/16 
4-3/32 x 2-3/16 
4-3/32 x 1-7/8 
4-3/32 x 1-7/8 
4-3/32 x 2-3/16 
4-3/32 x 2-9/32 





1-23/32 





0.002-0.025 
0.040-0.120 
0.004-0.025 
0.010-0.050 
ttUp to 2 
0.002-0.025 
0.210-0.280 


0.005-0.025 
0.020-0.250 
0.020-0.350 
0.020-0.350 
0.005-0.025 


+71 to 15 


0.300-0.345 


250 de 
135 de 
135 de 
250 de 
250 de 
250 de 
250 de 


26 Spgs. 

26 Spgs. 

*6 Spgs. 

*6 Spgs. 

1 Form A 

Special 
2 


Code 4—18 ga. 


Mercury 


4-3/32 x 2-3/16 x 1-7/16 
4-3/32 x 2-3/16 x 1-7/16 
4-3/32x 2x 1-7/16 
4-3/32x 2x 1-7/16 
4-3/32 x 2-3/4 x 1-7/16 
4-1/4x2x1 

4-3/4 x 3-1/16x3 





0.002-0.030 
0.002-0.016 
0.002-0.030 
0.002-0.030 


0.005-0.016 


0.005-0.100 
0.005-0.085 
0.005-0.085 
0.005-0.085 


0.005-0.010 


+175 de 
+115 de 
+115 de 
F115 de 

115 de 


Code 0—20 ga. 


Twin 


Silver-Tungsten 


2-1/32x2x1 
1-17/32 x 2x 11/16 
1-17/32x2x1 
1-17/32x2x1 


1-1/2 x 1-1/2 x 1-1/4 





0.002-0.025 
0.010-0.050 
0.003-0.010 
0.010-0.040 


0.010-0.040 
0.010-0.025 
0.002-0.025 


0.005-0.025 
0.050-0.150 
0.050-0.200 
0.050-0.200 


0.005-0.200 
0.008-0.020 
0.005-0.025 


135 de 
115 de 
115 de 
135 de 


135 de 
115 ac 
12 of 24 de 


13 Spgs. 
13 Spgs 
*6 Spgs. 
*6 Spgs. 


***2 Form C 


13 Spgs 
10 Spgs. 


Code 4—18 ga. 


Snap-action 
Code 4—18 ga 
Code 9—18 ga 


2-3/4 x 1-1/2 
2-3/4 «x 1-1/2 
2-3/4 x 1-1/2 
2-3/4 x 1-1/2 


2-1/2 x 2-3/8 x 2-1/4 
2-1/2 x 2-3/4 x 1-5/16 
2-1/2 x 2-1/4 x 1-1/4 





0.002-0.025 
0.010-0.025 
0.002-0.006 
0.298-0.333 
0.010-0.025 


0.005-0.040 
0.008-0.020 
0.002-0.008 
0.290-0.350 
0.008-0.020 


To 230 (16-66 cycles) 
To 230 (20-60 cycles) 
To 240 (16-66 cycles) 
To 240 (16-66 cycles) 
To 115 (20-60 cycles) 


12 Spgs 

24 Spgs. 

2 Form C 
2 

13 Spgs. 


9-13 oz 
8-12 oz 
10-14 oz 


Code 4—18 ga. 
Code 0—18 ga. 
Snap-action 
Merc.-Glass 
Code 4—18 ga. 


14-18 oz. 
4- 602. 


4x 1-15/16 x 1-1/4 
4-3/32 x 2-3/16x 1 
3-1/2 x 2-1/8 x 2-3/8 
4-5/8 x 2-3/4 x 2-3/4 
2-1 x 2-7/8 x 1-11/32 





0.003-0.010 
0.006-0.027 


0.022-0.047 
0.065-0.075 


350 de 
350 de 


6 each side 
6 each side 


Code 4—18 ga. 
Code 4—14 ga. 


28 oz. 
27-37 oz 


4x3-1/4x2 
4-13/16 x 2-3/4x3 


0.007 


Minimum 


0.0002 Approx. 


Travel Time 


1 Form C Tungsten Carbide 14 oz 2-7/8 x 2-1/4 x 3-5/16 


or Palladium 


"More contacts can be accommodated at a sacrifice of operating speed and 
release time delay 

Timing value obtained in conjunction with a series ASO 
circuit specified in Automatic Electric Catalog 4071 
***With one snap-action switch and one open 
springs maximum 


jHigher wattage obtainable with oversize coils 


tMost relays can be furnished with special heavy-duty high-voltage contacts 
relay and wired 
Note: Minimum operate time and minimum release time usually cannot both be 
secured on any one relay; a relay with minimum operate time may approach the 
maximum release time for its particular type 


contact assembly with 8 


SEALED RELAYS INSURE BEST PERFORMANCE 


With hermetic sealing, the high contact rating and reliability of 
Automatic Electric relays can be fully utilized, regardless of the sur- 
rounding atmospheric conditions. Hermetically sealed relays are safe 
from the dangers of human tampering, and severe conditions of dust 
and dirt, sand, high humidity, fungi, salt spray and reduced air 
pressure. To meet your requirements, many types of headers and a 
variety of sizes and shapes of enclosures are available. 


FOR DETAILED 
DRAWINGS of all 
popular 
Electric 


Automatic 
enclosures, 
write for your copy 
of Catalog 4083 PD. 








KEY SWITCHES FOR EVERY NEED..... 
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LEVER KEY SWITCHES are supplied for one- or 
two-way operation, locking or non-locking on one 
or both sides. Maximum 24 springs in each posi- 
tion. If subject to shock, specify Shok-Lok switch. 
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TURN KEY SWITCHES are designed for applications 
requiring locking-type keys. Turnbutton operates 
Also available as Button 
may be red or black. 


springs. non-locking. 
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INDIVIDUAL PUSH KEY SWITCHES require little space. 


May have 1 or 2 pile-ups with five springs each. 
Pushbutton cupped to fit fingertips. Mounts on 
panels up to 1” thick. Red or black buttons. 
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“QUICK-ACTING” PUSH KEY SWITCHES operate on 


a roller, providing fast, free action. Pushbutton 
can be engraved with a one-digit number. Mounts 
on panels up to 4 inch. 
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COMPACT STRIPS OF PUSH KEY SWITCHES provide 


groups of ten or twenty switches in a very small 
(1114"xlh"x4"). locking or 
locking. Buttons can be red, green or black. 


space Can be non- 
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RELAYS 


JACKS AND PLUGS for two- or three-conductor cords, 
are available for practically every need. Jacks can 
be sleeve-mounted or with fixed sleeves. Jack strips 
and multiple jacks also available. 
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ALEXANDRIA, VIRGINIA 
815 King Street, 


ATLANTA 9, GEORGIA 
900 Peachtree Street Bldg., TRinity 2-2970 


BOSTON 16, MASSACHUSETTS 

Statler Office Building, HUbbard 2-1467 
CLEVELAND 14, OHIO 

815 Superior Avenue, N.E., PRospect 1-6226 
DETROIT 2, MICHIGAN 


TEmple 6-0068 


FOR KEY SWITCH REFERENCE DATA, and a complete list of key 
switches and associated equipment, write for catalog 4018 PD. 


FOR ADVICE ON SPECIFIC PROBLEMS .. 


The specialized resources of Automatic Electric’s laboratories and 
production facilities are at your disposal at all times. Simply call or 
write your regional Automatic Electric representative. 


a 


SALES OFFICES 


INDIANAPOLIS 4, INDIANA 

911 N. Pennsylvania Street, MElrose 4-7743 
KANSAS CITY 8, MISSOURI 

2021 Main Street, HArrison 1-4720 
LOS ANGELES 19, CALIFORNIA 

4415 W. Pico Blvd. WEbster 8-2093 


NEW YORK 16, NEW YORK 


PITTSBURGH 22, PENNSYLVANIA 
Empire Building, ATlantic 1-8041 


ST. LOUIS 10, MISSOURI 


Chouteau Building, JEfferson 1-2520 


SAN FRANCISCO 5, CALIFORNIA 
55 New Montgomery Street, YUkon 6-1512 
SEATTLE 4, WASHINGTON 


Central Bidg. MAin 0780 


UPPER DARBY, PENNSYLVANIA 
21 East 40th Street, LExington 2-6226 6816 Market St. Flanders 2-7023 


AUTOMATIC 2 ELECTRIC 


A member of the General Telephone System — One of America's great commun 


New Center Building, TRinity 5-5511 


Distributor in U. S and Possessions: 
AUTOMATIC ELECTRIC SALES CORPORATION 
Northlake, Illinois (In Suburban Chicago) @ Fillmore 5-7111 


In Canada: 
AUTOMATIC ELECTRIC SALES (CANADA) LTD. 
185 Bartley Drive, Toronto 16, Ontario 


Export Distributor: 
AUTOMATIC ELECTRIC INTERNATIONAL, INCORPORATED 
Northlake, Illinois, U.S.A. 


CIRCULAR No. 1843-E 8-57—70M—Merit PRINTED IN THE UNITED STATES OF AMERICA 





Single New Rectifier Outperforms 


12 tull size 
conventional 
stacks! 





Radio Receptor HCD Petti-Sel °°::"~" 
Industrial Type Selenium Rectifiers 


Because the exclusive Siemens vacuum process eliminates the 
Produced by the improved new need of an artificial barrier layer, it is possible for Radio 
vacuum process developed by Receptor to offer smaller cell sizes operating at high current 
Siemens of West Germany and density, yet with lower voltage drop. In actual dimensions 


now manufactured exclusively 


J ’ this means that just one RRceo. HCD rectifier measuring 8” x 
by Radio Receptor in the U.S. 


16” x 25”, rated at 26V AC, 4500 amps DC, replaces twelve 
usual stacks 6” x 714” x 10”. 

RReo. Petti-Sel rectifiers do far more than save space. They 
reduce assembly time, require fewer connections and cost 
less per ampere. Their dependability has been proved for 
No artificial barrier years in European circuits and the outstanding ‘electrical 
Negligible aging with characteristics are not even approached by other standard 
an estimated life of cells available today. For further information please write 

100,000 hours! today to Section C-9R. 


Smaller cell sizes 


Lower voltage drop 


Semiconductor Division 
RADIO RECEPTOR COMPANY, INC. 
Eleet 2 Product A Subsidiary of General Instrument Corporation 
ectronic Products 
Since 1922 240 WYTHE AVENUE, BROOKLYN 11, N.Y. © EVergreen 8-6000 


Radio Receptor products for Industry and Government: 
Germanium and Silicon Diodes, Selenium Rectifiers, Thermatron Dielectric 
Heating Generators and Presses, Communications, Radar and Navigation Equipment 
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* DIRECT READOUT WITHOUT PROCESSING 
SELF-DEVELOPING © .DRY. © NO CHEMICALS 


MAXIMUM NUMBER WRITING SPEED Above 30,000 inches per second 
OF CHANNELS 50 Channels OPTICAL ARM Ilinches—- 
aes < RECORD WIDTH 12 inches POWER REQUIREMENTS 115 Volts—60 cps 
MAGAZINE CAPACITY 200 feet TIMING LINES 0.01 and/or 0.10 second intervals 
RECORD SPEED RANGE 0.0812 to—129.9 inches per second SIZE Wie” x 16'%e” x 2414” 


FREQUENCY dc to above 3,000 cps WEIGHT 130 pounds 











EXCLUSIVE 
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Up to 50 channels of information 


Uses standard 102 Galvanometers 


Provides timing lines, record numbering and many other advancements 
30,000 inches per second writing speed with excellent legibility dc to above 3,000 cps 


Seven inch or twelve inch records 


Wire for Brochure: FAX-FCB TULSA 
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P.O.BOX 7186 TULSA, OKLAHOMA 





Dynalog Electronic Instruments 

Complete line of indicators, recorders, and controllers 
employing the advanced Dynalog measuring system in which 
a friction-free air capacitor replaces conventionial slide- 
wire — provides continuous, stepless balancing action. 
Dynalog Instruments provide up to six records on a single 
round chart. For use with resistance or voltage type 

primary elements — pneumatic or electric control action. 


Multi-Record Dynalog 

@ 6 color-coded temperature records on one round chart. 
@ Each record line a distinctive, non-smudging color. 

@ No slidewire — no batteries — no standardizing. 

@ Thermocouple or resistance bulb types. 








> 
Consotrol Recording Control Station 
One of the complete Consotrol line of compact panel indicators, 
recorders, and controllers. This advanced control station features full 4” 
chart and scales, six-months’ ink supply, bumpless auto.-man. transfers. 
The M/58 Consotrol Controller, shown here integrally mounted, provides: 


@ All four control actions, with balancing action—even at 
two reset ranges, easily adjust- widest settings of proportional 
able to widest variations in band. 
operating conditions. 





@ Interchangeable “plug-in” 
@ Easy lever-setting proportional components. 


band, calibrated to 500%. @ Continuously variable reset re- 


@ High sensitivity and precision sistance gives 500:1 rangeability. 
due to unique “floating disc” 


A complete selection of primary ele- types, special elements and acces- 
PRIMARY ELEMENTS ments, including filled thermal sys- sories are available to meet the re- 
tems, resistance bulbs, and thermo- quirements of practically any indus- 
couples. Besides these standard trial temperature problem. 





Dynatherm Resistance Bulb Roll Surface Temperature 


For use with Dynalog / : Element 


Electronic Instruments. - '  @ Continuous, automatic measurement 


Superior measurement perform- > ’ or control of roll surface temperatures 
ance for temperature up to 600°F. / A up to 450°F. 


Fastest response due to positive ss / Extra-rugged construction — with a 
metal-to-metal end contact with \ “feather” touch. Won't mark or score 
standard wells or sockets. . the roll. 


Highest sustained accuracy. Per- 7 Eliminates friction, radiation, and con- 
mits use of extra-narrow scales — vection errors. 
ideal for precise temperature dif- 


Simplest, most accurate way to meas- 
ference measurements. 


ure roll surface temperatures. 








ro Instrumentation 


Whenever you have a temperature 
problem in the —450°F to +2800°F 
range, you can depend on Foxboro 
Instrumentation for the best solution. 
Foxboro’s outstanding combination of 
truly advanced instruments and un- 
equaled experience in applying them, 

Type 12A Temperature has successfully solved temperature 
Pneumatic Transmitter problems as widely different as helium 


@ Simple way to measure remote tem- liquefaction and jet engine testing. 
peratures in the —100°F to +1000°F 


range. Operating spans of 50°, 100°, Foxboro offers a wide variety of prim- 
200°, and 400°F. } ary elements, transmission devices, in- 
Compensated fer ambient tempore dicators, recorders, and controllers. 
tures and pressures. ‘ : 
Compact, easily installed. Uses reg- Whether “ single instrument or a com- 
ular 1,” O.D. tubing transmission lines bination is required — filled-system, 
—ne troublesome conduits, no costly electronic, or electric — you can be sure 
capillary tubing. aici h ly. Uni 
Suitable for any hazardous, corrosive, of fitting the process exactly. Unique 
or outdoor location. Foxboro developments, such as Dyna- 
log* Electronic Instruments, Dyna- 
therm** Resistance Bulbs, and the 12A 
Temperature Transmitter, continually 
maintain control] standards in step with 


every advance of modern processing. 


A few of the instruments which typify 

Foxboro’s better-engineering are shown 

on these pages. Chart below shows com- 

plete temperature ranges covered by 

Filled Thermal Foxboro measuring systems. Write for 
complete details. The Foxboro Com- 

inerrant nares 369 Norfolk St.. Foxboro, Mass. 


@ Give highly accurate. “lifetime” 
service within range of —450F to 
+1000F. 


Most economical of all tempera- 
ture measuring systems. Require 


no maintenance under normal op- 
erating conditions. 

Available as liquid filled, vapor 
pressure, or gas filled systems. 


Reg. U.S. P 
Complete line of indicators, record- 


ers, and controllers in rectangular TEM PERATU RE 


or circular case models. 
measurement 
and control 
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*Reg. U.S. Pat. A **Trademark 
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Honeywell 


for chart drives, servos, 
balancing circuits, remote positioners 


Now from Honeywell come these newly-designed syn- TWO-PHASE INDUCTION 

chronous and two-phase motors of highest quality. Nominal | Gear | Intermittent| Max. Start-| Power | Current 
New, sectioned die cast housing . . . new wicking to PM" _ "aa ae | Teaded | Veated 
prevent oil leakage . . . ball bearings to reduce friction 330 44:1 4 10 ae 
. .. printed circuits . . . are some of their many mainte- s oo 3 < | 

nance-saving features. What’s more, you can replace | 22 | 608 30 120 | 

any part in two minutes, usually without disconnecting +6.0 watts in field winding, balance in amplifier winding 

the leads from your installation. SYNCHRONOUS 
































_ _ 3 sms P stiac f, —— Pull-in Continuous Power | Current 
Order these motors in small quantities for prototype RPM" Gear | Torque, Min| — Torque (watts) omen) 


development, or by the thousands for production runs. _ Ratio (oz-in.) | (oz.-in.) Loaded | Loaded 
Models charted at right are available for fast, depend- re 4 ! —| * 1g 

able delivery. Tt = = - 
30.1 13.5 12 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial | 60:1 7S | 2 
Division, Wayne and Windrim Aves., Philadelphia 44, Pa. *1/6 less at 50 cycles. Some speeds availabe at 25 cycles. 
































Weight: 29 oz. Write for Specification $900-3. 


Honeywell 
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RELIABILITY DOES NOT COST =—*'TRA 


MYCALEX* TM commutation switches set new standards of 
reliability for aircraft and missile telementry 

$25,000 a minute is costly time — but that is the estimated 
value of the final “count-down” for a major missile test. 
Telemetered information will record the vital history of the 
flight and point the way to new developments and advance- 
ments. To achieve complete control, absolute dependability 
and long life, precision equipment is essential, both during 
flight and during the “count-down” when a complete check- 
out is demanded. Cleaning and adjusting commutators dur- 
ing the final hours or minutes of “count-down” is expensive 
— and wasteful. 

MYCALEX* TM commutation switches with precision molded 
commutator plates of SUPRAMICA 555 ceramoplastic introduce 
new standards of reliability to this important operation. 
Hundreds of hours of completely unserviced life with depend- 
able, low-noise-level signals is definitely attainable. Customer 


MYCALEX 


CORPORATION OF AMERICA 


\ 
GENERAL OFFICES AND PLANT: 
CLIFTON, NEW JERSEY 


EXECUTIVE OFFICES 
30 ROCKEFELLER PLAZA 
NEW YORK 20, NEW YORK 


evaluation tests have shown satisfactory operation of MYCALEX 
TM switches for over 1000 hours at 1200 RPM with only brush 
cleaning and routine maintenance. 


These exceptional performance standards are possible because 
of painstaking precision assembly and testing, and the use of 
SUPRAMICA ceramoplastic commutator plates, which have 
total, permanent dimensional stability and will withstand tem- 
peratures as high as 500 degrees C. without distortion or 
contact loosening. 


MYCALEX TM commutation switches and SUPRAMICA ceramo- 
plastics are making significant contributions to the reliability 
and durability of electronic equipment for military and 
civilian applications. 


Write for detailed information. 


*MYCALEX and SUPRAMICA are registered trade-marks of Mycalex Corporation 
of America. 555 is a trade-mark of Mycalex Corporation of America. 


CHICAGO — LOS ANGELES — DAYTON 
WASHINGTON — MIAMI 








ESIGN ACHIEVEMENTS with SUPRAMICA* ceramopiastics 
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COMPUTER THERMOSTATS 
NOW CIGARETTE SIZE 





Some Fenwal Units Smaller Still 
Take Little More Room 


ASHLAND, MASS. — If you want 
to control temperatures in tight spots, 
you should see Fenwal. Fenwal has 
cut the size of thermostats way down. 

You can fit one of their Midget 
THERMOSWITCH units anywhere a 
cigarette will fit. And, if you’re work- 
ing with even less space, one of their 
Miniature THERMOSWITCH units is 
what you’re looking for. The Minia- 
tures are little bigger than a lump of 
sugar, and some are even smaller. 

The Midgets and Miniatures use 
the same unique principle used in 
Fenwal’s bigger THERMOSWITCH con- 
trols. They use it with the same high 
degree of success. 

The principle of all Differential Ex- 
pansion THERMOSWITCH units, large 
or small, is this: a single metal shell 
expands or contracts with tempera- 
ture changes, making or breaking 
totally enclosed electrical contacts. 

» The smallness of the Midget and 
Miniature units does not deprive 
them of any of the performance char- 
acteristics that have made larger 
THERMOSWITCH units famous. They 
have THERMOSWITCH ruggedness, 
THERMOSWITCH accuracy, and reason- 
able THERMOSWITCH prices. 

Temperature range of the Midget 
series: —50°F to 500°F Range of the 
still smaller Miniature series: — 20°F 
to 275°F. 

Midgets and Miniatures, all in 
stainless steel, come in a variety of 
mountings. Hermetic sealing is also 
available. 

These Fenwal THERMOSWITCH units 
are precision-engineered to give op- 
timum temperature control with 
minimum-sized devices. They remain 
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THERMOSTATS FOR TIGHT SPOTS 
Miniature THERMOSWITCH unit 


Than Sugar Lump 


A Fenwal Midget THERMOSWITCH® unit and a Fenwal 
two good answers to the question, ‘‘How can you in- 


stall an accurate, reliable thermostat where there’s almost no room?” Actual sizes of 


these particular models 4” 


accurate under the most severe op- 
erating conditions. 

You should have details on this ad- 
vance in temperature control at your 
fingertips. Write for information to 
Fenwal Incorporated, 599 Pleasant 
Street, Ashland, Massachusetts. 


x 2254” for the Midget; 1” x 14” 


for the Miniature. 


CONTROLS TEMPERATURE 
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ROTARY COMPONENTS 


SYNCHROS (all types) 
RESOLVERS 
D.C. MOTOR 


LINEAR TRANSFORMER 
| MOTOR GENERATOR 


Clifton Precision began delivering Size 8 synchros 

from the production line more than a year anda => 

half ago. Since then production has mounted - 

steadily, and we are now in a position to serve 

more and more customers with these 7 minute 

accuracy units. Bis tyes 
We have also recently produced a linear trans- Hee 

former and motor generator in the size 8 series. “9 

For'tifnedediibh, write ict elegitseer Siblee’ Dagbiide 
9014 West Chester Pike, Upper Darby, Pa. — 
SUnset gsi” has our representatives. 


ee ek Ie = ie ae us i 
CLIFTON PRECISION PRODUCTS CQ, INC. 


CLIFTON HEIGHTS | 
PENNSYLVANIA 
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General Electric Company’s Charles A. Wood- 
cock begins analysis of aircraft gas turbine 
operating dynamics by pressing “Start’’ button 
on one of two Davies Division magnetic tape 
systems at the Flight Propulsion Laboratory 
Dept. Data Reduction Center, Evendale, Ohio, 


how G.E. data center analyzes dynamic jet engine operation 


G.E. wants to know a lot of things about an aircraft gas 
turbine before it leaves the ground. Not just thrust, 
pressure, temperature ... but vibration and stress char- 
acteristics too. While suitable equipment has long been 
available for recording and measuring the “static” 
operating characteristics, only the last five years have 
seen reliable techniques introduced for measuring, re- 
cording, and reducing significant information from 
dynamic signal sources. 

A pioneer in the application of these techniques, 
General Electric’s own dynamic data handling installa- 
tion at the Flight Propulsion Laboratory Department, 
Aircraft Gas Turbine Division, Evendale, stands as one 
of the most complete in the country. Originally con- 
ceived by the Laboratory, the facility has contributed 
substantially to the outstanding progress of aircraft gas 
turbine design at G.E. Data recorded at the test site can 
be played back through two tape systems at the Lab- 
oratory into electronic data analysis equipment and 
analog and digital displays for a fast, detailed picture 
of gas turbine performance. 





| SIGNAL souRCES | 


PORTABLE 
DAVIES RECORDER 




















PLAYBACK SYSTEMS 
I 
[ I | | 
Level AC-DC Frequency Digital 
Amplifier | | Amplifier] | Recorder | | Converter 
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X-Y Recorder Direct Writing 
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Oscilloscope 

































































The substantial part played by magnetic tape in the 
system reflects its growing importance as the common 
denominator of dynamic data handling. Dynamic range 
and frequency range are several times greater than 
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characterize other recording media, and the data is 
stored “‘live’’. The original electrical transducer signal 
can be accurately re-created whenever desired for 
observation and processing. 

Five portable magnetic tape data recording systems 
are used by G.E. to collect data at the engine test cells. 
Signals ranging in frequency from DC to 30 kc, are 
recorded by Direct or FM carrier techniques. Wide 
134” tape carries 28 tracks of data, plus reference 
frequencies, timing signals, and voice, as desired. 
Monitoring oscilloscopes permit visual observation of 
the recorded signals. It is interesting to note that the 
five portable recording systems were originally designed 
by the Davies Laboratories Division for the limited 
space and severe environments of aircraft flight testing. 
The strength built into them has proved invaluable to 
G.E. despite the fact that they have never been operated 
in the air. 

With the completion of a test, the reel of tape is 
transferred to the data reduction center. Two complete 
Davies Division laboratory record-reproduce systems 
permit utmost flexibility in feeding tracks of data 
serially or simultaneously into reduction and display 
equipment. Oscilloscopes permit a quick look at results 
through rapid visual inspection; wave analyzers provide 
a record of frequency components; level recorders 
measure amplitude; direct-writing recorders and oscillo- 
scope cameras permit a complete record of wave shapes 
and phase relationships. 

Davies Division magnetic tape data recording instal- 
lations as large and complex as this one at General 
Electric Company can rarely be outfitted with standard 
package equipment. But for the smaller installations, 
recently announced Davies Universal Magnetic Tape 
Systems are an ideal choice. You can get a good back- 
ground in magnetic tape data recording techniques in 
general by requesting our Bulletin 1001. Universal 
Systems are covered in Bulletin 2701. Minneapolis- 
Honeywell Regulator Company, Davies Laboratories 
Division, 10721 Hanna Street, Beltsville, Maryland. 
Or call WEbster 5-2700. 


Honeywell 


DAVIES LABORATORIES DIVISION 








What's your tubing problem? 
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Economy of 
mass 


production 


Temperature 
‘controled 
network oven 


Extra bay for 
custom 
expansion 


Highest 
component 
accuracy 





Advanced 
problem and 
program 
check 


Digital (AERO 
Automatic 
Extended 
Readout 


100% 
shielded 
patching 
facility 


For details on this|PACE|Analog Computer Group 131R 
Experience and on time rental at EAl’s Computation Centers—serving 


proven 


Economic eastern industry in Princeton, New Jersey—serving West- 
dependability 


building-block ern industry in Los Angeles, California—serving European 
expansion industry at Brussels, Belgium, write Electronic Associates, 
Inc., Dept. CE-9, Long Branch, New Jersey. 











ELECTRONIC ' 
a | EAI SETS THE Pi|A|C 


PRECISION ANALOG §COMPUTING 

















LONG BRANCH + NEW JERSEY 
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For 
high-speed 
switching 


CBS 


HIGH-FREQUENCY 
TRANSISTORS 


2N438 
2N439 
2N440 


These transistors are designed for high- 
speed switching, control, analog and digi- 
tal computer applications. All three are 
available in symmetrical versions, and 
they feature: 

1. JETEC Case . . . employs a standard 
metal case (with .200 inch pin spac- 
ing) welded to achieve reliability never 
before approached with NPN transis- 
tors. 

2. Alloy-Junction . . . for greater uniform- 
ity, higher voltage and current, flatter 
gain, and lower saturation resistance. 

Note the many desirable features. Write 

for Bulletin E-268 giving complete data 

and helpful application notes. 





eeeeeeeoeeeoeoeeeeeeeeeeeeeeeeeee 
CHECK THESE FEATURES 

. High frequency response: 
2N438 2.5 to 5 mc. 
2N439 5 to 10 mc. 
2N440. 10 to 20 mc. 
. High operating voltage up to 30 volts. 
. High switching speed below 0.2 usec. 
. High current amp. factor up to 100. 
. High dissipation rating....up to 100 mw. 
. Low leakage current.... 3 wamps av. 
. Low base resistance 150 ohms av. 
. Low collector capacitance 10 ppf. 
















































































Reliable products 
through Advanced-Engineering. 


semiconductors 


CBS-HYTRON 
Semiconductor Operations, Lowell, Mass. 
A DIVISION OF COLUMBIA BROADCASTING SYSTEM, INC. 
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FLEXIBILITY PROTECTS YOUR INVESTMENT 
IN A FISCHER & PORTER LOGGER 


The modular construction of Fischer & Porter’s Series 1200 may well be the best insurance 
available today against early logger obsolescence. In the event of process change or expan- 
sion, you can easily substitute or add subsections, preserving the custom character of the 
logger at minimum expense. And this logger thrives under the same maintenance procedures 
that keep ordinary process instrumentation on the line. Thoroughly proved in actual field 
operation, Fischer & Porter Loggers have already brought automatic data logging to 





a sede more than thirty plants. 
Inputs: Accepts any combination of up to 200 or 2000 
inputs depending upon the scanning method used, 
making conversions to DC voltages, performing zero 
offset, scaling, and characterizing non-linear inputs. 
Inputs are DC, AC, variable frequency, or pneumatic. 
Scanning: Two scanning systems are available. One 
utilizes individual point relays, with individual alarm 
limit set points and ranging adjustments, te provide 
maximum reliability and flexibility. The other provides 
ten times the input capacity by means of ten point 
stepping switches. All points on a switch share the same 
alarm limits, the same programs. 


Analog-To-Digital Conversion: Utilizing proved 
electronic or, if desired, electromechanical techniques 
to secure speed, accuracy, and reliability, Fischer & 
Porter analog to digital converters provide contact 
closures for operating output equipment directly from 
shaft rotation or voltage signals. 


Programming: Just as modular construction through- 
out the Series 1200 assures long range versatility, pin- 
board programming provides day to day flexibility. 
Programs and format are easily set up, easily modified 
to meet changing process requirements. Pin location 
establishes sequence in which inputs will be measured 
and read out . . . and permits readout of any input any 
number of times per logging cycle. It also selects any 
input for visual readout on a digital in-line display. In 
addition, the pinboard permits control of all other 
scan-log functions by the insertion of pins into several 
modular subsections which designate for each reading 
the type of measurement .. . digital multiplication 
factor... range... zero suppression . . . point identifi- 
cation... digital record format . . . decimal point 
location and one or more digital recording devices. 

Alarm Detection: Between logging cycles, which 
occur on demand or at pre-set intervals, inputs are 
continuously scanned and compared against limit set 
points. Whenever an off-normal condition is detected, a 
complete logging cycle is initiated. All off-normal con- 
ditions are printed in red. If desired, an external audible 
alarm is simultaneously energized. After this logging 
cycle is completed, alarm scanning is resumed until 
another variable goes off-normal, or until a previously 
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alarmed variable returns to normal, at which time 
logging is initiated again. Series 1200 Loggers equipped 
with point identification programming subsections may 
be programmed to record only the off-normal inputs 
when an off-normal condition arises, logging them on a 
separate alarm typewriter. 


* * * * 


If you’d like to hear more about the Series 1200 Scanner- 
Logger and how its versatility and flexibility can make 
reliable automatic data logging a reality in your process, 
get in touch with the F & P Sales Engineer nearest you. 
Or, write Fischer & Porter Company, 727 County Line 
Road, Hatboro, Pa. In Canada, write Fischer & Porter 
(Canada) Ltd., 2700 Jane Street, Toronto, Ontario, 
Canada. 


FISCHER & PORTER CO. 
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Complete Process Instrumentation 





Ceramic thoroughbred .. with 0.01% 


05% to .01% independent linearity 
1K to 100K standard resistances 
02% to 005% resolution 
depending upon resistance value 
3600° +1°/—0° electrical angle 

5 watts power dissipation at 40° C 
Taps are welded and can be supplied 
in any location on special request 
90° nominal overtravel 

1.0 oz. in. starting torque 

0.75 oz. in. running torque 

500 oz. in. static stop torque 

Servo mounting standard 


EASTERN PLANT 


AND SALES OFFICE 


>: DEPT. 
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linearity 


In our new potentiometer we took our cue from a fundamental fact: the simpler 
the better. We eliminated a number of individually machined and mounted parts 
and returned to a material that has handsomely served some of the world’s 
oldest civilizations. Namely, ceramic. 

The MD 20 potentiometer can function consistently at 0.01% linearity under 
severe conditions. The ceramic core is dimensionally stable. Its coefficient of 
thermal expansion closely matches the resistance element mandrel for high 
temperature operation. A simple, one-piece aluminum hub provides an accuracy 
reference that is extremely rugged. 

Applications of the MD 20 are more varied than those of other potentiometers 
available today. We invite you to see it and discover how it may provide the 
breakthrough you’ve been looking for. 


LITTON INDUSTRIES 


A, MOUNT VERNON, N, Y. DIVISION HEADQUARTERS : 5873 RODEO ROAD, LOS ANGELES, CALIFORNIA 


Components Division 
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Cool That Cabinet —Save Sensitive Components 


GENERAL FEATURES 


Pressurizes Cabinet 
With Filtered Air 


Rubber Isolated Motors 
For Quieter Operation 


Widely Accepted for Use 
In Military Equipment 


Maximum Air Delivery 
For Efficient Filter Action 


PnoTo CoverTssy 


APPLIED SCIENCE CORF OF PONCETON 


ADDITIONAL FEATURES FOR 
BLOWER TYPE UNITS 
Provide Better Air Delivery 
Against Pressure 


Provide Quieter Operation 
Against Pressure 


Higher Air Velocity 
For Faster Cooling 


Air Flow Maintained 
With Dirty Filter 


Duct Connections Can 
Be Made If Desired 


we WcLEAN 2%” FANS and BLOWERS 


*Pat. Applied For 


RACK MOUNTED FOR EASY ASSEMBLY e FIT STANDARD 19” RACKS 
THREE STANDARD MODULAR PANEL HEIGHTS COVER WIDE RANGE OF AIR DELIVERIES 


Excessive or fluctuating temperatures in electronic racks make thousands of etc. These small packaged units pressurize the cabinet with cool filtered 
tubes die young . . . make crystals, transistors and sensitive electronic equip- air, keeping dust out. They are complete in one unit and ready for use. Stand- 
ment perform erratically. System failure at critical times is disastrous ... ard RETMA notching allows mounting on rack . . . no cutting or fitting is 
replacement costs are high. That is why leading manufacturers install McLean necessary. All units contain an easily replaceable filter. Smart stainless steel 
Fans and Blowers in Computers, Control Systems, Data Processing Systems, grilles add beauty and eliminate the necessity of matching cabinet finishes. 





SPECIFICATIONS 





PANEL 
HEIGHT MODEL DEPTH REMARKS TYPE 


2A300 72” Standard Rack Mounting Blower 
2E300 72” For Trim Strip Racks Blower 
5%” 2B300 72” Basic Model Blower 
3E40 57%” For Special Clearance Propeller 
2P408 114%” Inside Height 7” Blower 


2E55 81/4” Basic Model Propeller 

2E408 10” Basic Model Biower 

) a | , 2A408 8144” No Projecting Outlets Blower 
2E408V | 85%” Vertical Discharge Blower 

PERFORMANCE LIMITS 2E55H | 81/4” 400 cps Model Propeller 





Air Temperature rise in deg. Fah 


no a 2E80 89” Basic Model — Propeller 
/g asic 
CABINET COOLING FANS 28610 134” Slow Speed Model Blower 
2A610 134%” 22” Rack Width Blower 
2E610 1314” Basic Model Blower 


4 i 






































2 ‘ 5 7 ? . . ” 


Moat Mesipation ta Kilewarte MODIFICATIONS OF ABOVE MODELS CAN BE MADE TO 24” OR SPECIAL WIDTH RACKS TO ORDER 


FREE °% "ew conotnsto caratoct McLEAN ENGINEERING LABS. rove remccron vasso 


SEND FOR IT TODAY. : ey : . 
Agents in all principal electronic manufacturing areas. 
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from Moog: 


over 
40,000 
Servo Valves 


Over 40,000 Moog electro-hydraulic mechanisms 

. . comprising more than 700 specific models . . . have 

been produced. Each model has been designed to definitive 
specifications by Moog’s highly creative engineering staff. 
This quantity affirms the high quality, reliability and efficient 
volume production through which Moog Servo Valves have 
achieved industry leadership. For competent assistance 

in solving your hydraulic servo problems, call on 

Moog’s experienced design engineering team. 


ELECTRO-HYDRAULIC SERVOMECHANISMS 





MOOG VALVE CO., INC. PRONER AIRPORT, EAST AURORA, NEW YORK 


Research Laboratory, Paramus, New Jersey 
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GUIDE TO AUTOMATIC CONTROL 





THE 
“HOW TO” 
BOOK OF 

CLOSED LOOP 
——— 


Tachometers 


X 


r% 
Synchros 


“- 


“ ° Potentiometers 


yr 


Precision 
Breadboard Parts 


eevee 


Featuring these ‘off-the-shelf’ proven components—all you 
need for your closed loop control from a SINGLE source. 


This brand new catalog, just off the press, belongs in the hands of every 
design engineer working with closed loop control applications. 

It gives complete descriptions and pointers on how to use the standard “off- 
the-shelf” components that comprise Mechatronic Dey elopment Apparatus. 


ee eeeeeeeeeeeeeeeeeee 


Amplifiers 





Modulators 


Z é “3 ° 
MECHATROL DIVISION SERV@ nN 3 -= 
625 Main Street, Westbury, L. I., New York : 
WESTERN OFFICE ° Power Supplies 
1000 West El Segundo Boulevard, Hawthorne, California 
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Industrial Electronics’ DYNA-MYKE Model 129-E 


High-Speed, Precision, Dynamic Measurement 


DYNA-MYKE is a high speed, precision, dynamic carrier 
amplifier micrometer. It supplies a complete measurement 
and control system for linear variable differential transformers 
and strain gages. Displacements as small as plus or minus 
one micro-inch at frequencies as high as 1000 cps can be 
detected and indicated. DYNA-MYKE carrier system 
energizes the transformers or strain gages at 8000 cps. 
Provision is made for balancing the carrier to mid-zero 
position on the meter. The modulated carrier may be fed 
into an oscilloscope; the demodulated signal into an indicator, 
recorder, relay, servo valve or servo-motor. The system of 
measurement is universal. Basic engineering phenomena such 
as force, torque, strain, vibration, acceleration, temperature, 
pressure, and displacement may be indicated and recorded, or 
used as a control function for high-speed automated appli- 
cations.* 

DYNA-MYKE is designed for use with commercially 
available pickups for measuring pressure, displacement, 
vibration and acceleration using linear variable differential 
transformers, strain gages, and inductive or resistive bridges 
as transducers. Custom pickups are designed and con- 
structed by Industrial Electronics, Inc. 

The light-weight, packaged unit is enclosed in an attractive, 
durable cast aluminum case. 


*Ruggedized modular plug-in carrier systems conforming to Dyna-Myke 
specifications are also available for industrial plant installations. Write for 
information on company letterhead. 


A complete system for linear 
variable differential transformers 
and strain gages 


@ Single Unit Control System for LVDT’s 
and Strain Gages 


Direct Reading of Static Displacements 
Provision for Dynamic Recording 
High Level, Low Impedance DC Output 
High-Speed Gaging and Control 


Universal System of Measurement 


SPECIFICATIONS 


Using Schaevitz 100ML LVDT: 2M¥/V/.001 inch gage constant. 
5 Ranges of Measurement 0.00001 inch to + 0.1 inch full scale 
Sensitivity, Maximum—0.0000005 inch per meter division 

System Frequency Response—DC to 1000 cps (down 3 db at 
1500 cps.) 

Carrier Frequency—8 kc, + 2% 

Carrier Voltage —Max 24 volts RMS, 20 volts RMS in 1000 ohms. 

Maximum Gain, Overall 150,000 (RMS input to DC output) 

Zero Drift, Maximum— + 1% per hour after warmup 

Instrument Stability— + 2% 

Repeatability of Measurement (Short time)— + 0.5% or better 

Output Current, Maximum Linear— + 12 ma. in 1,500 ohms 

Output Current, Maximum ungrounded— + 35 ma. in 25 ohms 

Output Impedance —450 ohms 

Output Voltage, maximum (no load) + 25 volts 

Power—105 watts, 90-130 voits, 60 cps 

Weight—22 lbs. 

Dimensions—-12'/4 x 10 x 7'/ inches 

Calibration Signal Independent of Transducer Is Inter- 

nally Provided. 


a» & 


PRESSURE PICKUP 
Model 125-M 


GAGE HEAD 
Model 194 


BALANCE BOX 
Model 204 


ACCELEROMETER 
Model 5-B 


> Industrial Electronics, Inc. 


"Custom builders of Electronic Equipment since 1943” 


8060 Wheeler Street + Detroit 10, Michigan 
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Introducing Number I of a Factual Series 
about the Hughes memo-score* Oscilloscope 


MAN-DAYS SAVE 


in research and testing involving transients 


We are pleased to report a major breakthrough by a 
Hughes product that will significantly reduce the mo- 


notonous man-days spent pursuing elusive transients. ° 


Practically a promise of all things to all men in research 
and testing procedures involving traces, this new instru- 
ment of benefaction is the Hughes MEMo-scoPpE* Storage- 
Type Oscilloscope. A transient recorder with a “memory” 
it can retain single or successive writings for an infinite 
length of time or until intentionally erased. 

Heretofore, the tedious trial and error methods and 


“e 


repetitious hair-trigger photography necessary to “‘cap- 


ture” transients on conventional scopes has mercilessly 
wasted time, film and precious effort, not to mention 
ruffling dispositions. But, never again. Now, you may 
instantly ‘‘freeze’? any number of selected wave forms in 
brilliant clarity on the face of a MEMO-scoPE Oscilloscope 
—study, compare and analyze them at leisure. Or if 
desired, take convenient photographs with just one 
camera setting—one exposure—for each permanent rec- 
ord required. Superbly engineered and completely elec- 
tronic, MEMO-ScOPE Oscilloscope involves no slide wires, 
no bothersome paper and ink problems. 
e 


If you're in pursuit of an elusive transient, ask yourself if a MEMO-SCOPE 


Oscilloscope wouldn’t best serve you. Better yet, ask a Hughes represent- 


ative to arrange an eye-opening demonstration. He'll gladly do so—in 


* Trademark of Hughes Aircraft Company 
Creating a 
new world 
with 


vour area, at your convenience and with no obligation. 


Make your request to: 


HUGHES PRODUCTS 
MEMO-SCOPE OSCILLOSCOPE 


International Airport Station 
Los Angeles 45, California 


ELECTR( NIK S 
| 
! HUGHES PRODUCTS 
| 

© 1957. HUGHES AIRCRAFT COMPANY 
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surface barrier transistors from SPRAGUE 





high speed transistors for computer switching circuits 


Sprague 2N240 Transistors with their fast response 
time—in the millimicrosecond range—give reliable 
operation in switching circuits up to 20 megacycles. 
The ideal electrical characteristics of these surface 
barrier transistors permit direct coupling for faster 
operation than any alloy junction type. 
And the 2N240 gives you: 

© low saturation resistance 

© low saturation voltage 

O extremely fast rise and fall time 

© absolute hermetic seal 

O availability 

Among these features, the most important to you 
may well be availability. Sprague is manufacturing 
2N240 Transistors NOW in production volumes. You 

Pa) | a can answer today’s transistor needs today by specify- 
le S08 in. FS. e ee eneeatees || ing Sprague Surface Barrier Transistors! 

Write for complete data sheets on Sprague 2N240 
Germanium Surface Barrier Transistors and on 
Sprague General Purpose High-Frequency Surface 
Barrier Types 2N344/SB101, 2N345/SB102, 2N346 
SB103. All are available on letterhead request to the 
Technical Literature Section, Sprague Electric Co., 
407 Marshall St., North Adams, Massachusetts 


CAPACITORS & RESISTORS * MAGNETIC COMPONENTS 


TRANSISTORS © INTERFERENCE FILTERS * PULSE NETWORKS the trademark of reliability 
HIGH TEMPERATURE * MAGNET WIRE © PRINTED CIRCUITS 
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complete central 
operating control 
of analog computers 


Here in brief are the capabilities of this 
new auto-control system. 


From typed command or punched tape 


Set any scale factor or problem check pot under load. 
e Read out setting of any scale factor or problem 
check pot under load. « Read actual voltage of any 
pot under load. « Measure voltage at any amplifier 
or selected point in computer. « Put computer into 
any operating mode. 


Auto-cycle automatically reads out 


All amplifiers. « All integrators. « All scale factor 
pots onto tape or hard copy. « All problem check pots 
onto tape or hard copy. « All amplifiers and all 
pots, as above. « Avuto-set all pots to zero... and, 
in addition, the system permits automatic programming 
of computer operation. 


REAC Analog | be Precision 
Computers . = Floated 
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AUTO-CONTROL SYSTEM 


Increases time computer is available for 
actual running of problems. 


Not a press agent's dream, nor an artist’s conception, but an actual working 
system, this new REAC Auto-Control System is showing the way to new levels of 
analog computer efficiency. Used in conjunction with the REAC Problem Check, 
Time Scale Check and Voltage Scale Check Systems, it allows a problem 

to be inserted and checked out in a fraction of the normal time. Problems can 
be taken off and reinserted fast enough so that trouble-shooting of computer 
problems, re-scaling of time and voltage parameters, and preliminary 
evaluation of results can be done while the machine is busy on another problem. 
Multi-shift operation becomes really practical, too. 

The REAC Auto-Control System adds a completely new dimension to the analog 


computer technique. Write for complete details on what it can mean to you. 


REEVES INSTRUMENT CORPORATION 


A Subsidiary of Dynamics Corporation of America, 209 East 91st St., New York 28, New York 





Precision Servo 
Resolvers and Mechanical 
Phase Shifters Parts 





For Optianne Pressure’ Con 
72-14 Pressure Controllers 











PRESSURE REDUCING CONTROL 








HI-LOW PRESSURE ~777777 
SAFETY SHUT-OFF 
CONTROL 














DIFFERENTIAL PRESSURE 
Ask Your BS&B Sales En- 
woe Full Details, Or ---FLOW CONTROL 
Write For Catalog 72-14. 


Controls Division, ih 4-ES9. 
7500 East 12th Street 
Kansas City 26, Missouri 
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Getting them there 


e on the button 





e with maximum efficiency 


« with perfect control 










ES 


Typical FICo Sy 






ne 


stems and Instruments 


FiCo ASN-7 Course and Distance FICo Viewfinder Computing Timer 
Computer System — indicator and — controls up to five aerial cameras 
control are shown. Can be provided simultaneously. Highly compact. 
with polar capabilities, 


FICo Exhaust Temperature Indica- 
tor — range 200°C to 1000°C with 
5° accuracy. 6” long x 2” diam. 


r= A z 


FICo ASN-6 Present Position Com- 
puter System — indicator and con- 
trol are shown. 


FiCe Wind Memory Computer — an FICo Magnetic Variation Computer 
aid when navigational systems oper- — precludes need for manval correc- 
ate with Doppler. tion in aero navigation. 


No. missile systems can be 
illustrated because of the 
level of classification. FICo 
is doing extensive work in 
ABMA's Redstone and Jupi- 
ter programs, in the Navy's 
Tartar and Terrier programs, FICo Test Set — for flight line check FICo Analog-to-Digital Converter 


and in other projects. out of navigational system. Self- — for airborne sensing system for 
contained and portable. traffic control. 
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Ford Instrument provides the systems 


Navigational Systems and Computers Exhaust Temperature Indicators 


Cruise Controls Sensing Systems for Traffic Control 
Guidance Systems Drone Controls 
Missile Launching and Control Computers Computing Timers for Aerial Photography 


Computer and Control Components Plotting Equipment 


© FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, New York 
Beverly Hills, Calif. Dayton, Ohio 


wad 4 


For information on FiCo’s aero and missile products and capabilities, write to FICo’s AIRBORNE EQUIPMENT DEPARTMENT. 
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PROBLEM: SOLUTION: 
Provide a reliable memory storage Magnetic Core Memory Planes by 
facility for digital computers . . . General Ceramics . . . far exceeded 
high speed, absolute dependability, ail the requirements, won immediate 
compact size essential. . acceptance of leading computer 

_ manufacturers. 


Completely Assembled 
Coincident-current Magnetic 

Memory Planes for Computers, 

Switching and Automatic Control Systems 


General 
Ceramics 


FERRAMIC MAGNETIC 
MENMORY PLANES 


Utilizing Ferramic Magnetic Memories resulted in important increases in 
reliability, speed and accuracy in actual operation. In addition, designers found 
space requirements sharply reduced. Lower power consumption, lighter weight, 
elimination of heat dissipating devices and greatly reduced maintenance were 
other significant improvements. 


General Ceramics Magnetic Memories offer a solution to similar problems 
in automatic control systems for conveyors, elevators, telephony, production 
machines, processing equipment and signalling. For further details, write General 
Ceramics Corporation, Keasbey, New Jersey. Please address inquiries to Dept. CE. 


Completely assembled standard type 
memory frames available from stock 


GENERAL CERAMICS Seemaay Pass gece despa cs 


be produced to your specifications. 


Industrial Ceramics for Industrial Progress... Since 1906 


P90 Co 


Pe) ° Oo . > } A 


all 


OC 2 | 4 


FERRAMIC “ADVAC” HIGH 
FERRAMIC CORES MAGNETIC CORES PRECISION STEATITES TEMPERATURE SEALS SOLDERSEAL TERMINALS 
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FOR DESIGN 


From missile and aircraft design to power network 

analysis, the A-wac IIL-E digital computer offers substantial 
savings to users. The versatility of this economical, 
medium-size data processing system affords man iwement 
peripheral benefits in payroll, cost analysis, accounting, 


billing, and file maintenance 


For specific applications information call 
An Atwac III-E will be installed and operating 


at the I.S. A. Instruments-Automation Show, 
Cleveland, Ohio, September 7-13 New York City or Hawthorne, California 


Al WAC today , Or visit the Al WAC computing center in 








13040 So. Cerise Avenue, Hawthorne, California 
Coliseum Bldg., 10 Columbus Circle, New York, New York contporati Pe n Sales and service centers throughout 
7 | the uU S in ( nada and I urope 


DESIGNERS AND MANUFACTURERS OF DATA PROCESSING SYSTEMS 
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ee FROM TRANSISTOR CENTER U.S.A. 





| PHILCO 60V au 80V Power Transistors 


Designed for servo, control, power converter 


and power supply applications. 


Here are extremely reliable, high voltage power transistors—im- 
mediately available in production quantities. These transistors 
perform with a typical thermal drop of only 14°C per watt . . . with 
storage temperature of 100°C. They have high beta at high currents 

. improved alpha cut-off . . . low surface leakage currents . . . low 
saturation resistance . . . low distortion. Both transistors operate at 
power load of 12.5 watts. The unique &nee-action between the alumi- 
num mounting clamp and the copper mount assures maximum 
dissipator contact at all times. Recent price reductions make these 
transistors the greatest value in the high voltage power transistor field. 


Philco cold-welding process permits hermetic 
sealing in controlled atmosphere...assuring 


exceptional transistor life and performance! 





on =i 


—— ——+ | 
| TYPICAL COLLECTOR CHARACTERISTIC 
WITH 10 OHMS SOURCE RESISTANCE 
« TYPE 2N387 
GROUNDED EMITTER 


el 


























COLLECTOR CURRENT, I. IN AMPERES 








-20 -30 -40 
COLLECTOR VOLTAGE, Vce IN VOLTS 


Philco transistors, after vacuum baking, emerge into a controlled atmosphere 
... Where they are welded to insure perfect sealing for life. This process 
eliminates contamination of the transistor elements by moisture or atmosphere. 
Uniformity and quality control are strictly maintained throughout. 


Write for complete data, application notes on voltage ratings of power transistors, and new low prices to Lansdale Tube Company, Lansdale, P: 


LANSDALE TUBE COMPANY DIVISION 
LANSDALE, PENNSYLVANIA 
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Progress Report: 


SCHRADER Al 
JOBS IN SEQU 


© Don’t send a boy 
to do a man’s job 


When you say that, smile, if you’re 
talking about air. Air can do more than 
a man’s job. It can perform complicat- 
ed, time-consuming operations faster, 
more accurately, and much more eco- 
nomically than any man. 

There was a time when air power 
was used for nothing but simple one- 
shot actions, but those days are far 
behind. Now, automation has brought 
air so far beyond the “bellows-in-the- 
forge” age that the contrast is startling. 

Manufacturers who think of Schrader 
Air Products only for the so-called 
simple-minded jobs are missing out on 
one of the true revolutions of our 
times. Their competition is using air 
systems, on the other hand, to make 
precision operations to close toler- 
ances, for operations in sequence, and 
you can’t blame them if they’re a little 
smug about the amazing effectiveness, 
economy, and safety they’ve developed. 


FOR EXAMPLE: 


® This job was 
driving sane men off 
their rockers 


Until recently, the toughest job at a 
New Haven plating company was dip- 
ping baskets of plated parts in three 
successive baths. The triple bath se- 
quence was not just monotonous — it 
was slow, expensive, in a corrosive at- 
mosphere, and calculated to frazzle the 
tempers of workers. Then the opera- 
tion was automated with Schrader Air 
Products. The dip hoppers now oper- 





o division of SCOVILLE 











QUALITY AIR CONTROL PRODUCTS 


R PRODUCTS PERFORM 
ENCE—-AUTOMATICALLY 








= =r 












Schematic shows how a Schrader air system operates for plated part dippers, short- 
ening the cycle, and releasing operators for more useful jobs. 


ate as if by magic—in solitary splendor. 
Completion of one sequence automati- 
cally starts another. 

The schematic on this page is elo- 
quent. Combinations of Schrader cyl- 
inders, pilot valves, two way valves, 
and flow control valves have been engi- 
neered into a true automated sequence 
system. Once again, open-minded engi- 
neers discovered the best way—air— 
had definite advantages. 


® What you don’t 
know can hurt you 


Most engineers already know that 
Schrader Air Products are available 
NOW, that the products are designed 
to be fitted together as simply as an 
Erector set, and that the hundreds of 
different parts available offer capabili- 
ties that are virtually limitless. Advan- 
tages? Well, here they are again: 
Exceptional economy is basic. Safety 
margins can be widened by the use of 
special control techniques. Simplicity 
of air systems allows fingertip-push- 





Sequence 
Puor 


vat ~ 


SEQUENCE OW HOPPER 


button-tiptoe operations that are 
fatigueless. Production is speeded up. 


@ Take a good look 
at yourself 


Better yet, let us look you over. 
Schrader engineers will be happy to 
assist you in planning for the most effi- 
cient use of air in your plant. And 
they'll be glad to recommend products 
which most readily suit given applica- 
tions .. . even packaged control sets 
that are so perfected that most press 
hazards are eliminated. Both hands 
must be used at once and can’t get into 
mischief. Any machine using mechani 
cal clutch, shears, brakes and friction 
clutches can use special controls. You 
may be very surprised at how pain- 
lessly Schrader can turn your idea into 
fact. Information is available by writ- 
ing directly to us ... and our distribu- 
tors are conveniently located for fast 
delivery. Address A. Schrader’s Son, 
Division of Scovill Mfg. Co., Inc.,471 
Vanderbilt Avenue, Brooklyn 38, N. Y. 
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re you sure you 








Only one simple service . . 
adjustment — puts control _ action stops — exclu- 
system in exact calibration. sive! 


Convenient kuilt-in four- Positive zero derivative 

position transfer station setting — another exclusive 

— external station also Bristol feature. Saves hours 

available. of initial adjustment time 
for difficult processes. 


MADE IN MODELS FOR THESE CONTROL MODES: zero derivative setting. 


Se oe a 5. Reset plus derivative—proportional band, reset rate and 
2 derivative time as shown above. 

2. Proportional—to 100% and to 30%. WILL HANDLE THESE CONTROL PROBLEMS: 

3. Reset with wide band—rates 0.1 to 10 or 1 to 300 re- 1. Cascaded control 


4. Time-program control 
peats per minute. Proportional band to 400%. 


2. Selective control 5. Pneumatic transmission. 
4. Derivative (rate)—Derivative time 0.2 to 20 min., plus 3. Ratio control 
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are getting the best in 
pneumatic controllers? 


Before you buy another controller check these 


advantages of the new Bristol Series 500 
Free-Vane’ Pneumatic Controller 


FINEST MEASURING ELEMENTS 

Bristol Series 500 Pneumatic Controllers are 
equipped with precision Bristol measuring ele- 
ments —the widest selection of high-quality meas- 
uring elements available with any line of control 
instruments. You'll find models for control of: 
temperature, pressure, vacuum, draft, absolute 
pressure, liquid level, flow, humidity, density, pH, 
and a large number of other variables measur- 
able with electronic potentiometers and bridges. 

The sustained, predictable performance of 
Bristol measuring elements is one reason why 
you'll find more Bristol recording pressure gauges 
in use than all other makes combined. The new, 
completely linear Bristol Dual-Filled Vapor Pres- 
sure Measuring Element used in Series 500 Ther- 
mometer Controllers is the first really big advance 
in this field of measurement in 25 years. The 
Bristol Absolute Pressure Element, available in 
ranges as low as 0-6 mm of mercury absolute, also 
leads in its particular field. These are just a few of 
many examples of Bristol leadership in the devel- 
opment and improvement of measuring elements. 


ADVANCED CONTROL SYSTEM FEATURES 

Many features found on no other pneumatic 
controller assure better control with the Bristol 
Series 500: Reset action stops on reset models pre- 
vent loss of control due to prolonged deviation 
from set point; true zero derivative setting (on 
derivative models) can save hours of initial ad- 
justment time; easy shift to wider proportional 
band (% to 200% or 1 to 400% on wide band 
models) without recalibration. 

BEST MAINTENANCE RECORD 

One simple adjustment puts a Series 500 con- 
troller in exact calibration. 

Basic simplicity, accurate design, closely held 
manufacturing tolerances make this single adjust- 


BRISTOL 


pee. 

Bristol Series 500 Controllers on the job in new modern proc- 
essing plant. Absolute pressure, steam flow, and liquid 
levels are variables controlled here. 


ment all that’s necessary—even after complete dis- 
assembly and reassembly with replacement parts. 

This practically “built-in” calibration is typical 
of the foresight and engineering planning that 
make the Series 500 the easiest pneumatic control 
system on the market to service. Cut-and-try meth- 
ods are eliminated. No special maintenance skills 
are required. All parts are completely interchange- 
able. The result: a truly superlative maintenance 
record in thousands of industrial plants. 


NATION-WIDE SERVICE 

Series 500 Controllers are backed up by the 
kind of service a quality product requires. The 
facilities of the main factory, four strategically- 
located branch factories, and factory-trained serv- 
ice engineers operating out of 44 principal cities 
across the United States and Canada are on call 
whenever and wherever needed to help you get 
the most out of your Bristol Pneumatic Controllers. 


GET COMPLETE INFORMATION 
... On the Bristol Series 500 Pneumatic Controller 
before you buy another instrument! Fully de- 
scribed in Bulletin A130. Write : The Bristol Com- 


pany, 101 Bristol Road, Waterbury 20, Conn. «7 
*T.M. Reg. U. S. Pat. Of. 


TRAIL-BLAZERS IN PROCESS AUTOMATION 


Come and see us at the |.S.A. 


Show in booths 918 thru 930 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 


SEPTEMBER 1957 
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Sensing level change at a remote point, these Leslie Floatless 
Level Pilots (left) operate heater drain level control valves 
(right). Pilots are on ground floor, heaters and Leslie diaphragm 
control valves are on second floor of this Midwest power station. 


be 2 


differential pressure method offers 


STABLE, FASTER-SENSING LEVEL CONTROL 


Because the Leslie Level Control Pilot uses the differ- 
ential method for sensing changes in liquid level, it 
receives its impulse changes faster than any other type 
of level control. You can install it anywhere below liquid 
level, mounted on the valve, or at a point remote from 
vessel or valve. Used on either open or pressurized ves- 
sels, it controls the level of virtually any liquid including 
water, gasoline, oil, alcohol, solvents, chemical solutions 
and acid. 


And It’s Floatless, too! 

There are no floats, torque tubes, seals, stuffing boxes 
or thermal-hydraulic tubes which are affected by turbu- 
lence, wear or temperature changes. Installation is fast 
and uncomplicated. Simple spring adjustment changes 


set point. Maintenance free, rugged “high impact” design 
is unaffected by shock. The only one moving element is 
virtually frictionless . . . its total movement is only .006”. 


Responds Fast. . . 
A high air loading capacity in the Leslie Control Pilot 
means a fast response with a smooth, throttling action 
free from hunting or cycling. 


More Information 
Ask your Leslie engineer to give you the complete 
story of the exclusive features that make Leslie Control 
Pilots ideal for level control prob- 
lems. He’s listed in your classified 
telephone directory under “valves” 
or “regulators” 


Send for the engineering data bulletin No. 5303. 


REGULATORS anp CONTROLLERS 


LESLIE CO., 211 GRANT AVENUE, LYNDHURST, NEW JERSEY 


CONTROL ENGINEERING 








Electronic Test Equipment for 
CONTROL ENGINEERING 


-hp- Low Frequency, High Frequency Oscilloscopes 


a -hp- 150A High Frequency Oscilloscope 


Dc to 10 MC. Plug-in pre-amplifiers. 


Sweeps 0.02 ,sec/cm to I5 sec/cm 


-hp- 130A Low Frequency 
Oscilloscope 


High sensitivity, de to 300 KC. 


Sweeps | p»sec/cm to 12 sec/cm 





Never before in -/p- history have two instruments gained such immediate and wide-spread usage as 
the all-new -/p- oscilloscopes 


Based on a completely fresh philosophy of oscilloscope design, new -/p- 130A and 150A establish 
new standards of oscilloscope usefulness, convenience, dependability. Important feature is universal 
automatic triggering arrangement w here one preset adjustment provides optimum triggering for 
most conditions. Other appreciated features include direct-reading calibrated sweeps, brilliant, high 
resolution trace without halo or bloom, etched circuits with unitized construction, concentric, color 
coded controls, highest quality components and ultra conservative design, twistoff bezel, easy CRT 
or filter interchange, tilt bail. 


-hp- 150A, de to 10 MC, has plug-in vertical ampli- zontal amplifiers with sensitivity 1 mv/cm to 50 v/cm 
fiers offering either high gain or dual trace. The instru Instrument sweeps 1 Msec/cm te 2 sec/cm, may be 


ment sweeps 0.02 musec/cm to 15 sec/cm; there are 24 __ triggered internally by line voltage, or by a 0.5 volt or 
direct reading calibrated sweep ranges. May be trig- larger external source. 21 sweep times may be directly 
gered internally, by line voltage, or externally. Hori- set; no interpolation required. Includes input attenuator 
zontal amplifier’'s magnification feature expands hori- with calibrated ranges in 1, 2, 5, 10 sequence; con 
zontal sweep 5, 10, 50 or 100 times. Vertical amplifier tinuous adjustment vernier between ranges. Attenuator, 
has rise time of less than 0.035 usec; signal delay plus instrument's high stability, permits use of 130A 
permits leading edge of triggering signal to be viewed as millivoltmeter or voltmeter accurate to within 5% 
For maximum flexibility; 18 calibrating voltages in 2, 
5, 10 sequence, 0.2 mv to 100 v_ peak-to-peak, are -hp- Model 130BR is similar to th 130A but is de- 
available at the front panel signed specifically for rack mounting. This instrument 

has a x5 magnifier for all internal sweeps increasing the 


-hp- 130A, de to 300 KC, has similar vertical and hori- fastest sweep time to 0.2 usec/cm 





Instrument Primary Uses Characteristics | Price 

-hp- 130A General teovatany and production tesllan De to 300 KC—High “sensitivity $ 650.00 
-hp- 130BR Rack mount, similar to -hp- 130A Dc to 300 KC—High sensitivity 650.00 
-hp- 150A General laboratory high frequency and TV work Dc to 10 MC—Plug-in vertical amplifiers 1,100.00 
-hp- ISOAR Rack mount, similar to -hp- 150A De to 10 MC—Plug-in vertical amplifiers | 1,200.00 
-hp- I5SIA High sensitivity—Plug-in for I50A Dc to 10 MC—High sensitivity 200.00 


-hp- 152A Dual Trace—Plug-in for 150A Dc to 10 MC—Presents two phenomena for 250.00 
simultaneous viewing 























Digital Recorder 


Frequency stability 
vs. line voltage; 
150 MC oscillator 


New -/p- 560A provides a continuous digital record for your -/p- fre- 
quency counter. Since 560A is a slave to its counter, it delivers accu- 
racy identical with counter. Printing rate is five, 11-digit lines per 
second. Secondary or coding data may be printed on the same line as 


primary data. Instrument may be controlled by electronic or electro- 


mechanical devices; it includes an analog output for strip chart record- 


ers; strip chart will never be driven off scale. Expanded scale record- 
ings may be made with full scale sensitivity as great as 1/10 
-hp- 560A, $1,390.00 (11-digit lines ) 


p- SG0A, $1,265.00 (6-digit lines ) 


Other -hp- Frequency Measuring and 


-hp- 500B/C Frequency Meters 


Directly measures frequency of 
voltages 3 cps to 100 KC; ex- 
panded scale allows any 10% 
or 30% of range to be meas- 
ured full scale. Sensitivity 0.2 v 
rms (sine waves) 1 v peak for 
pulses. Input impedance 1 meg- 
ohm with 40 wef shunt; accu- 
racy independent of line volt- 


age changes. Also available as -/p- 500C, calibrated 


for direct reading in rpm. 


-hp- 500B/C, $285.00. 


-hp- 521A/C Industrial Counters 


Most useful, accurate, low cost 
industrial counter. Measures 
frequency, speed, rpm, random 
events, other phenomena. Di- 
rect readings 1 cps to 120 KC. 
Time of count 0.1 or 1.0 sec- 
onds; variable dispiay time. 
Also offered as 521C, 5-place 
registration, three gate times, 
crystal-controlled time base. 


-hp- 521C, $650.00. -Ap- 521A, $475.00. 


Reads direct in cps, 


-hp- 522B Electronic Counter 


el 


Compact, low cost, versatile 
instrument for frequency, 
period or time measure- 
ments. Measures frequency 
10 cps to 120 KC, time in- 
terval 10 usec to 10° sec. 
KC, seconds or milliseconds. 


Count automatically reset, action repetitive. Stability 
of time base 10/1,000,000 per week. Easily used by 
untrained personnel. $915.00. 


definitely. Accuracy 
5 gate times. Usable 


$ 


-hp- 523B Electronic Counter 


1,175.00. 


Revolutionary all-purpose coun- 
ter measures frequency 10 cps 
to 1.1 MC, time interval 3 use 
to 27.8 hours, period 0.00001 
cpsto 10 KC. Stability 2/1,000,- 
000 per week. Results displayed 
in sec, msec, Hsec or KC; auto- 
matic decimal. Display time 
variable 0.1 sec to 5 sec or in- 

1 count plus crystal stability, 
with 100 KC primary standard 


a 


| Tachometer 


-hp- 5088 
| Tachometer | 
| Generator 


| -hp- 520A 





Monitoring Equipment 





Instrument 
+ 


Primary Uses 


-hp- 100D 
Secondary 
Standard 


Frequency, time 
measurements 


Aural and visual carrier 
monitoring; black and 
white or color 


-hp- 335E 
TV Monitor 


-hp- 500B 
Electronic 
Frequency 


Rapid frequency 
measurements 


| Meter 


-hp- 500C 
Electronic Rpm measurements 


Indicator 


| -hp- 506A 


Optical 
Tachometer 


Rps and rpm 
measurement 


Pickup 


| -hp- 508A 


Tachometer | Shaft speed measurement 


| Generator 


; 


Shaft speed measurement 


-hp- 508C 


Tachometer | Shaft speed measurement 
Generator 


-hp- 508D 


Tachometer | Shaft speed measurement | 


Generator 


For counting high-rate 


Nuclear pulses 


Scaler 


| 


-hp- 521A 
Industrial 
Electronic 
Counter 


Measure frequency, 
speed 


-hp- 521C 

Industrial Measure frequency, 
Electronic | speed 
Counter 


-hp- 5228 
Electronic 
Counter 


Frequency, period, time 
interval measurements 


-hp-523B 
Electronic 
Counter 


Frequency, period 
time interval 


Frequency Range 


100 KC, 10 KC 
1 KC, 100 cps 
10 cps 


Channels 2 to 83 


3 cps to 100 KC 


180 to 6,000,000 rpm 


300 to 300,000 rpm 


| 15 to 40,000 rpm 


| 


15 to 40,000 rpm 


15 to 40,000 rpm 


15 to 5,000 rpm 


Capacity 100 counts | 


in 2 decades 
10,000,000 pps 
counting rate 


| cps to 120 KC 


I cps to 120 KC 


10 cps to 120 KC 


10 cps to 1.1 MC 





Characteristics Price 
Stability 1/1,000,000 (short 
time). Sine or rectangular 

output. Marker pips 


$ 615.00 


Aural deviation +3 KC 
video deviation +3 KC: 
accuracy +500 cps approx 


2,050.00 


9 ranges +2% accuracy 
Input 0.2 to 250 volts 


Similar to 500B but 
calibrated in rpm 


Phototube and light 
source; output | v rms 


Output 60 cycles 
per revolution 


Output 100 cycles 
per revolution 


Output 120 cycles 
per revolution 


Output 360 cycles 
per revolution 


100:! divider for operation 
of low speed scalers 


Direct reading, accurate 
within +1! count +0.1% 
4 place registration 


Direct reading, accuracy 
within +1 count +0.01%, 
5 place registration 


Direct reading, accuracy 
+1 count +0.001% 


Direct reading, accuracy 


+1 count +2/1,000,000 1,175.00 





ARack mounted instrument available for $15.00 less. 





-hp- Vacuum Tube Voltmeters -—10 to 700,000,000 cps 





-hp- 400D Vacuum Tube Voltmeter l : - a 
| 
Instrument | Primary Uses | — — =. Price 


Best -/p- voltmeter ever built! + : - + 


Covers all frequencies 10 cps to -hp- 400AB General purpose ac | 10 cps to 600 KC 0.003 to 300 v 10 megohms 


measurements I! ranges 25 wut shunt 
i MC. Extremely sensitive, wid 


Wide range ac 00 

0.001 to 300 v 10 megohms 

MC. measures 0.1 mv to -hp- 400D High sensitivity 10 cps to 4 MC 12 ranges 15 wuf shunt 
i sensitivity 

Direct reading in dbm. 10 meg 
ohm input impedance insures High accuracy wide 0.001 to 300 v neers 
-hp- gohms 
a inannianain tan cies 12 ranges 15 f shunt 


| 
| 
range, accurate within 2% t | 
| 


negligible loading on circuits un 

der test. New amplifier circuit with mid-range feed 
, i Vv c—12 h 

back assures utmost stability, freedom from change Audio, rf, VHF de: ac—20 0.1 to 300 v 2 megohms 


-hp- . c—I!0 
oe hp- 410B measurements; dc cps to 700 MC 7 ranges 0 “7 pose 245.00 
due to ex nal conditions. $225.00 voltages; resistances 1.5 yy 





All-purpose test instru- 

ment, range 20 cps to 

700 MC. Also serves as Need extreme accuracy : mo tility 
dc VTVM with over 100 f 1% 2 New -hp- 400H 


lepend 
V alue 
megohms impedance, or covers 10 cps to 4 MC, 
ohmmeter for measure ' as 5” meter with mir- 
ments 0.2 to 500 meg ; ror scale, measures volt 
ohms. Input capacity 1.5 _ ages 0.1 mv to 300 v. 10 


wef, 10 megohms input megohm resistance mini- scale 


( ) cps to 100 KC 
igh input impedance; 


which virtually eliminates circuit loading. Indus ing stability. Direct reading in db or v. Ex- meter reads direct in 


impedance; employs mizes circuit loading, 


radical diode probe amplifier with 56 db feedback insures last- H 
trys most versatile precision voltmeter. $245.00 tremely high quality throughout. $325.00. 


volts and dbm. $200.00. 








Features Price 


Instrument 
——— ee 


- 452A Capacitive Voltage Divider 








For all -hp- ac VIVM. 25 cps to 20 MC. Division 1000:1 $100.00 
- 452-95A Adapter Connects -hp- 452A to -hp- 410B VTVM probe 10.00 
- 453A Capacitive Voltage Divider For -hp- 410B VTVM only. Division 100:1! 25.00 
- 454A Capacitive Voltage Divider For -hp- 400D and 400H only. Division 100:! 25.00 


— — For -hp- 410B VTVM. For measuring high dc voltages 
-hp- 459A DC Resistive Voltage Multiplier safely. Multiplies 1:100 25.00 


hp- 470A to F Shunt Resistors For -hp- 400 series VTVM. For measurement of current ae ys0 





-hp- Regulated and Klystron Power Supplies 





-hp- 715A is a versatile source — 
of regulated beam and reflector | tastrument 
voltage tor operating most test 

bench klystron tubes. Beam volt 

age 250 to 400 v; reflector volt -hp- 710B General Purpose regulated dc 


supply for lab and 100 to 360 volts @ 75 ma 
age 0 to 900 v; 6.3 v filament Power Supply age be . 


Primary Use Characteristics 
2 


Internal, 1,000 cps square wave 
modulation, and 60 cps sine wave 
modulation of reflector voltage 
$300.00. 


-hp- 7TIIA 
Laboratory Same as 7108 0 to 500 volts @ 100 ma 
Power Supply 





> -hp- 712 
-hp- 712B Power Supp y er eects Same as 710B 0 to 500 volts @ 200 ma 


This -/p- instrument 

features high regula -hp- TISA 
tion of 50 mv no Klystron 
load to full load, 0.1 Power Supply 
millisecond transient | 

response, internal im -hp- TITA 


pedance 0.1 ohms in | Klystron | Powering Type 572! klystrons 800 to 1,000 volts @ 25 ma 
series with 25 #H; | Power Supply 


Regulated beam, reflector 


source for low power klystrons 250 to 400 volts @ 50 ma 





full- load maximum 
hum less than 500 xv, sealed transformers, chokes (Rack mounted instrument available for $15.00 less 
and condensers. 0 to 500 v, 200 ma supply and 





fixed 300 v tap providing a 50 ma, 300 to 800 v 
variable supply for klystron operation. $365.00 





bce: Tay 


dy wr ES) 


gta * 


ag 





New -/p- 560A provides a continuous digital record for your -Ap- fre- 
I g 
quency counter. Since 560A is a slave to its counter, it delivers accu- 


racy identical with counter. Printing rate is five, 11-digit lines per 


Digital Recorder 


Frequency stability 
vs. line voltage; 
150 MC oscillator 





mechanical devices; it includes an analog output for strip chart record 
ers; strip chart will never be driven off scale. Expanded scale record- 


ings may be made with full scale sensitivity as great as 1/10°. 


second. Secondary or coding data may be printed on the same line as -hp- 560A, $1,390.00 (11-digit lines ) 
t 
f 


primary data. Instrument may be controlled by electronic or electro- 


Other -hp- Frequency Measuring and Monitoring Equipment 


-hp- 500B/C Frequency Meters 


Directly measures frequency of 
voltages 3 cps to 100 KC; ex- 
panded scale allows any 10% 
or 30% of range to be meas- 
ured full scale. Sensitivity 0.2 v 
rms (sine waves) 1 v peak for 
pulses. Input impedance 1 meg- 
ohm with 40 wef shunt; accu- 
racy independent of line volt- 
age changes. Also available as -/p- 500C, calibrated 
for direct reading in rpm. -/p- 500B/C, $285.00. 


-hp- 521A/C Industrial Counters 
Most useful, accurate, low cost 
industrial counter. Measures 
frequency, speed, rpm, random 
events, other phenomena. Di- 
rect readings 1 cps to 120 KC. 
Time of count 0.1 or 1.0 sec- 
onds; variable display time. 
Also offered as 521C, 5-place 
registration, three gate times, 
crystal-controlled time base. 

-hp- 521C, $650.00. -Ap- 521A, $475.00. 


-hp- 522B Electronic Counter 


Compact, low cost, versatile 

instrument for frequency, 

period or time measure- 

ments. Measures frequency 

10 cps to 120 KC, time in- 

terval 10 msec to 10° sec. 
Reads direct in cps, KC, seconds or milliseconds. 
Count automatically reset, action repetitive. Stability 
of time base 10/1,000,000 per week. Easily used by 
untrained personnel. $915.00. 


-hp- 523B Electronic Counter 


a Revolutionary all-purpose coun- 
ter measures frequency 10 cps 
to 1.1 MC, time interval 3 usec 
to 27.8 hours, period 0.00001 
cpsto 10 KC. Stability 2/1,000,- 
000 per week. Results displayed 
in sec, msec, Hsec or KC; auto- 
matic decimal. Display time 
variable 0.1 sec to 5 sec or in- 

definitely. Accuracy +1 count plus crystal stability, 
5 gate times. Usable with 100 KC primary standard 
$1,175.00. 


-hp- 560A, $1,265.00 (6-digit lines ) 





-hp- 508C 





| Counter 


Instrument Characteristics Price 


Primary Uses Frequency Range | 
+ = =e = === = 
-hp- 100D . 100 KC, 10 KC Stability !/1,000,000 (short- 
Secondary ee 1 KC, 100 cps time). Sine or rectangular |$ 615.00 
Standard | 10 cps output. Marker pips 


Aural and visual carrier 
monitoring; black and 
white or color 


Aural deviation +3 KC 
video deviation +3 KC; 2,050.00 
accuracy +500 cps approx 


-hp- 335E 


TV Monitor Channels 2 to 83 


-hp- 500B 
Electronic 
Frequency 
Meter 


Rapid frequency 


9 ranges +2% accuracy 
measurements 


3 cps to 100 KC Input 0.2 to 250 volts 


-hp- 500C 
Electronic 
Tachometer 
Indicator 


Similar to 500B but 


calibrated in rpm 


Rpm measurements | 180 to 6,000,000 rpm 


-hp- 506A 
Optical 
Tachometer 
Pickup 


Rps and rpm 


Phototube and light 
measurement 


source: output | v rms 


300 to 300,000 rpm 


t 


| -hp- 508A 


Output 60 cycles 
per revolution 


Tachometer | Shaft speed measurement | 
Generator 


15 to 40,000 rpm 


| -hp- 508B 


Output 100 cycles 
per revolution 


Tachometer | Shaft speed measurement 15 to 40,000 rpm 


Generator | 
T 


Output 120 cycles 


nt : 
Tachometer | Shaft speed measureme aor emtanhihian 


Generator 


15 to 40,000 rpm 


t 


-hp-508D | 
Tachometer | Shaft speed measurement 
Generator 


Output 360 cycles 


15 to 5,000 rpm sae eevelulton 


Capacity 100 counts | 

For counting high-rate in 2 decades 
pulses 10,000,000 pps 

counting rate 


-hp- 520A 
Nuclear 
Scaler 


100:1 divider for operation | 
of low speed scalers 


-hp- 521A 
Industrial Measure frequency, 
Electronic | speed 


Direct reading, accurate 
| cps to 120 KC within +1! count +0.1%, 
4 place registration 


-hp- 521C 
Industrial Measure frequency, 
Electronic speed 

Counter 


Direct reading, accuracy 
I cps to 120 KC within +1 count +0.01%, 
5 place registration 


-hp- 522B 
Electronic 
Counter 


Frequency, period, time 


Direct reading accuracy 
interval measurements 


10 cps to 120 KC 1 count tbaene 





-hp-523B Seu : | : : 

: quency, period Direct reading, accuracy | - 
Electronic Huan tetesvel 10 cps to 1.1 MC +1 count +-2/1,000 000" | !.!75.00 
Counter | 











\Rack mounted instrument available for $15.00 less. 





-hp- Oscillators — 0.008 to 10,000,000 cps 





-hp- 200 Series Audio Oscillators Price 





Instrument Primary Uses Frequency Range Output 
—————— = = ae ——— — = 
For audio and ultrasonic -hp- 200AB Aodis tes 20 cps to 40 KC | watt/24.5 v $130.00 
measurements, -/p- offers 
popular Models 200AB Subsonic through supersonic 
and 200CD. Both have -hp- 200CD audio and ultrasonic tests 


160 mw or 10 v/600 ohms; 


5 cps to 600 KC 20 v open circuit 


160.00 


highest stability and accu- , 
‘ r 7 
-hp- 200J Interpolation, frequency 


6 cps to 6 KC 160 mw/10 v 275.00 
measurements 


rate tuning circuits. Low 
impedance operating lev- 
els plus superior insula- -hp- 202A Low frequency measurements 0.008 to 1200 cps 
tion guarantee long years 
of trouble-free dependa- Servo equipment tests 

bility. ¢ lesation le sian -hp- 202C snaneeniininaiin | cps to 100 KC 160 mw or 10 v/600 ohms 300.00 


ple; just three controls; no 


28 mw or 30 v p-p/4000 465.00/ 
ohms _ 


-hp- 207A Audio sweep generation 20 cps to 20 KC 160 inw or 10 v/600 ohms 275.00 
zero setting necessary. -)p 


200AB, 20 cps to 40 KC, $130.00. -4p- 200CD, 5 


-hp- 650A Wide range video tests 10 cps to 10 MC 15 mw/3 v 490.00, 
cps to 600 KC, $160.00. 























A, Rack mounted instruments available at $15.00 less. 


-hp- 2O7A Sweep Oscillator ee tate -hp- 202A Function Generator 


— This new audio oscillator Compact, multi-purpose source of transient-free 


provides continuous sin- : ' ’ test voltages from 0.008 cps to 1,200 cps. Con- 
gle-sweep frequency cov- Sm tinuously variable through 5 bands; offers excep- 
erage from 20 cps to 20 ; tional stability (within 1% ) and distortion less 


KC. No band switching is Ba ; than 1% to 100 cps. Sine, square or triangular 
needed; dial accuracy 1s ." é . waves may be selected by a front panel switch; 
4%, and the instrument : : 


nt : the 30 volt output peak-to-peak is constant for 


also provides a flexible 10 : all wave forms and over full frequency range 
’ v/600 ohm output usable -hp- 202A, $465.00 
ee balanced or with one side 
ae ange grounded Frequency re- -hp- 650A Test Oscillator 
sponse 1S 1.0 db full . - : 
range, distortion and hum are less than 1%. et =, an ; Covering 10 cps to 10 MC, -A/p- 650A is a highly 
p- 207A may be swept by hand, motor driven, > a stable, wide band instrument for audio, super- 


tuned remotely or coupled to a recorder. -hp- 207A, 4 e sonic, video and rf measurements. Output is flat 





$275.00 hy. within 1 db full range; voltage range is 0.00003 
to 3 v. In addition to 600 ohm impedance, volt 
age divider provides a 6 ohm impedance. Dis- 
tortion less than 1% to 100 KC; stability 
+2% to 100 KC. $490.00 


-hp- Sales and Service Representatives in the United States and Canada 


Albuquerque, New Mexico Camp Hill, Pennsylvania High Point, North Carolina Phoenix, Arizona St. Louis 17, Missouri 
Neely Enterprises I. E. Robinson Company Bivins & Caldwell, Inc. Neely Enterprises Harris-Hanson Company 
107 Washington St. S. E. 2120 Market Street Security Bank Building 641 East Missouri 2814 South Brentwood Boulevard 
Albuquerque 5-5586 REgent 7-6791 High Point 3672 CRestwood 4-5431 Mission 7-4350 
hicago 45, IIlinoi ; 

Asbury Pork, New Jersey Peg Da aieien tae Houston 5, Texas Pittsburgh 22, Pennsylvania St. Paul 14, Minnesota 
I. E. Robinson Company nt ae pe Earl Lipscomb Associates S. Sterling Company Crossley Associates, Inc. 
00S Main Street 2711 W Sa, ye Street P. O. Box 6573 Room 815, Park Bidg. 842 Raymond Avenue 

KEllog 1-3150 SHei co ~~ JAckson 4-9303 355 Fifth Avenue Midway 5-4955 

| | ® -92 
i rs ‘esis r veterans Kansas City 30, Missouri Aree Saee Syracuse 2, New York 
Atlanta 5, Georgia 4311 Mayfield a Harris-Hanson Company Portiand 9, Oregon J. D. Ryerson Associates, Inc. 
Bivins & Caldwell He . 7916 > Blvd ARVA (fc ly Ron M Co 412 East Genesee St. 
- : EVergreen 2-4114 16 Paseo Blvd. d ormerly n Merritt Co.) ‘ 
3133 — — E. iacttien th. Shaan HIlland 4-6744 1238 N. W. Glisan GRanite 6-8344 
‘Edar 3-7522 ’ 


c 7-12 
Earl Lipscomb Associates Las Cruces, New Mexico -Apitol 7-1281 Toronto 10, Ontario, Canada 


Baltimore, Maryland P. O. Box 7084 Neely Enterprises Sacramento 14, California ao — — Ltd. 
Horman Associates, Inc. FLeetwood 7-1881 126 S. Water Street Neely Enterprises RUseell 1 ‘6174 
7s i, Bane Reed Dayton 9, Ohio JAckson 6-2486 1317 - 15th Street se 
HOpkins 7-22% Crossley Associates, Inc. Los Angeles, California Gllbert 2-8901 Rn ay Arizona 
Bogota, New Jersey 93 — Avene Neely Enterprises San Diego 6, California 232 So. Tucson Bled 
R. M. C. Associates OXmoor 3594 3939 Lankershim Blvd. Neely Enterprises MAin 3-2564 P 
114 East Main Street Denver 10, Colorado North Hollywood, Calif. 1055 Shafter Street 
Dlamond 3-5926 Lahana & Company STanley 7-0721 ACademy 3-8106 ; Vancouver 2, Canada 
1886 South Broadway Atlas Radio Corporation, Ltd. 
Boston Area PEar! 3-3791 New York 21, New York San Ae cea oP ote 106-525 Seymour Street 
Burlington, Massachusetts R. M. C. Associates San Carlos, California MUtual 3-5848 
Yewell Associates, Inc. yet a 236 East 75th Street Neely Enterprises Washington 9, D. C. 
gee be ony 15310 West McNichols Rd. TRafalgar 9-2023 No ge — Horman Associates, Inc. 
urlington 7-2561 BRoadway 3-2900 Philadelphia Area te leas 2017 S Street, N. W. 
Bridgeport 8, Connecticut Fort Myers, Florida Upper Darby, Pennsylvania Seattle 99, Washington DEcatur 2-5705 
Yeweli Associates, Inc. Arthur Lynch & Associates I. E. Robinson Company ARVA (formerly Ron Merritt Co.) Winnepeg, Manitoba 
1101 East Main Street 35 West North Shore Avenue 7404 West Chester Pike 120 West Thomas Street Atlas Radio ¢ orporation, Ltd. 
FOrest 6-3456 EDison 2-1109 SHerwood 8-1294 MUrdock 7337 505 McIntyre Building 


HEWLETT-PACKARD COMPANY 


4408H PAGE MILL ROAD, PALO ALTO, CALIFORNIA, JU. S. A. 
CABLE “"HEWPACK" DAvenport 5-4451 





-hp- Vacuum Tube Voltmeters —10 to 700,000,000 cps 





-hp- 400D Vacuum Tube Voltmeter 
Frequency Voltage Input 
ange Range Impedance 
ee | a 
| 0.003 to 300 v | 10 megohms | 

10 cps to 600 KC Il ranges | 25 wut shunt | $200.00 
+ } 
| 
| 0.00! to 300 v 10 megohms 

12 ranges 15 wuf shunt 


Instrument Primary Uses | 


Best -/p- voltmeter ever built! EEE a = 


Covers all frequencies 10 cps to -hp- 400AB General purpose ac 


‘ measurements 
i MC. Extremely sensitive, wide 


} 
range, accurate within 2% to | Wide range ac_ | 
MC, measures 0.1 mv to 300 v -hp- 400D | measurements 10 cps to 4 MC 

High sensitivity 
Direct reading in dbm. 10 meg | } 
ss . i 
ohm input impedance insures High accuracy wide 
-hp- 400H range ac 10 cps to 4 MC 
measurements | 


0.00! to 300 v | 10 megohms 
I2ranges | 15 wuf shunt 


negligible loading on circuits un- 
der test. New amplifier circuit with mid-range feed- i j 


i | c—I 
-hp- 410B oeeeden a om le a = = — pm St 
due to external conditions. $225.00 | voltages; resistances oe 9 1.5 wut 


back assures utmost stability, freedom from change 





-hp- 410B Vacuum Tube 


Voltmeter -hp- 40OH Vacuum Tu 
All-purpose test instru- Voltmeter 
ment, range 20 cps to ; 
700 MC. Also serves as : , Need extreme accuracy ——— Utmost utility, depend- 
dc VTVM with over 100 of 1% ? New -/p- 400H .4 ability, dollar value 
megohms impedance, or covers 10 cps to 4 MC, . Covers 10 cps to 600 
ohmmeter for measure- ; has 5” meter with mir- KC, measures from 0.3 


) 


ments 0.2 to 500 meg- oi ror scale, measures volt- Fon om mv to 300 v. High sta- 


ohms. Input capacity 1.5 i: : ages 0.1 mv to 300 v. 10 j bility nsitivity, accu- 


Buf, 10 megohms input megohm resistance mini- : ac 2% full scale 


/ 
impedance; employs mizes circuit loading, from 20 cps to 100 KC 
radical diode probe amplifier with 56 db feedback insures last- High input impedance; 

which virtually eliminates circuit loading. Indus- ing stability. Direct reading in db or v. Ex- mete! 


t< reads direct in 


try's most versatile precision voltmeter. $245.00. tremely high quality throughout. $325.00. volts and dbm. $200.00. 





Instrument } Features Price 











“-hp- 452A Capacitive Voltage Divider For all ~hp- ac VIVM. 25 cps to 20 MC. Division 1000:1 ; $100.00 
-hp- 452-95A Adapter Connects -hp- 452A to -hp- 410B VTVM probe 10.00 


-hp- 453A Capacitive Voltage Divider For -hp- 410B VTVM only. Division 100:1! 25.00 


-hp- 454A Capacitive Voltage Divider For -hp- 400D and 400H only. Division 100:1 25.00 


seas + ape For -hp- 410B VTVM. For measuring high dc voltages 
-hp- Vv 
hp- 459A DC Resistive Voltage Multiplier safely. Multiplies 1:100 25.00 


hp- 470A to F Shunt Resistors For -hp- 400 series VTVM. For measurement of current. 470A - 15.00 


470B-F - 7.50 


| 








-hp- Regulated and Klystron Power Supplies 


-hp- 715A Power Supply 





-hp- 715A is a versatile source — 
of regulated beam and reflector | Sesteenens 
voltage tor operating most test 
bench klystron tubes. Beam volt ‘ sa a 
age 250 to 400 v; reflector volt -hp- 71 eneral Purpose regulated dc 

we 0 to 900 v; 6.3 v filament Power Supey —S | 100 to 360 volts @ 75 ma 
Internal, 1,000 cps square wave | 

modulation, and 60 cps sine wave 
modulation of reflector voltage. 
$300.00. 


Primary Use } Characteristics 
a a amie 


-hp- 7IlA 
Laboratory Same as 710B 0 to 500 volts @ 100 ma 
Power Supply 





-hp- 712B Power Supply | aha Same as 710B 0 to 500 volts @ 200 ma 


This -/p- instrument 
features high regula- -hp- 7ISA 
tion of 5O mv no | Klystron 
load to full load, 0.1 Power Supply 
millisecond transient 
response, internal im | -hp- 7I7A 
pedance 0.1 ohms in | Klystron | Powering Type 572! klystrons 800 to 1,000 volts @ 25 ma | 
series with 25 #H; Power Supply 
full- load maximum 
hum less than 500 #v, sealed transformers, chokes Rack mounted instrument available for $15.00 less. 
and condensers. 0 to 500 v, 200 ma supply and 
fixed 300 v tap providing a 50 ma, 300 to 800 v 
variable supply for klystron operation. $365.00A. 


Regulated beam, reflector 


source for low power klystrons 250 to 400 volts @ 50 ma 











INDUSTRY’S PULSE 


What's the Market for 
Computing-Control? 


Ask any computer manufacturer if he thinks there’s a market 
for computing-control and you'll get a resounding “yes” answer. 
But try to nail him down as to how big that market is, or will be, 
and you get almost as many answers as there are computer 
manufacturers. 

Controi ENGINEERING asked 16 manufacturers, representing 
makers of analog and/or digital computers, what dollar volume 
the industry might expect from sales of computers for comput- 
ing-control. Most were reluctant to predict exact figures yet. 
But from bits and pieces, CONTROL ENGINEERING was able to 
put together this estimate: 


Military Market Industrial Market 


Millions Millions 


$50 to 200 $0.1 to 1.5 
200 to 500 > ie 25 
500 to 900 50. =o tto 125 


And market researchers estimate that the computer would make 
up from 15 to 50 percent of the cost of a control system! 


Right now the military market is the one with the most 
steam behind it. Even control experts at the Air Force’s Air 
Research & Development Headquarters are unable to estimate 
how much will be spent for computing-control in the next few 
years. But Col. C. E. Evans, ARDC Chief of Bombing, Missile 
Guidance and Flight Control outlines a positive market when 
he says, “Digital computing-control is being designed into the 
next generation of military aircraft.” 

One supplier to the military interprets this statement to mean 
that sales of computers for airborne control will reach close to 
$500 million by 1960, subject, of course, to the usual ups and 
downs of military appropriations. 


Outside the military field, suppliers believe computing- 
control will be accepted more slowly. They agree that these 
industries offer the best potential markets: 


1. Petroleum processing 3. Utility industry 
2. Chemical processing 4. Testing 
5. Machine tool and metalworking 


The outlook for the industrial market in computing-control 
shapes up like this: the first important sale will be made in 
1958; sales will increase slowly, finally taking hold in 1960; 
then, sales will zoom upward rapidly. 


Dollar 
estimates 


Military 
sales 


Industrial 
outlook 


SEPTEMBER 


1957 
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INDUSTRY’S PULSE 


There’s a feeling among those who have studied the prob- 
lem closely that the market potential for computers used in 
computing-control could surpass that for business and scientific 
data processing machines in 10 to 15 years (particularly when New faces expected 
you add in the airborne control business). One other predic- 
tion that’s being expressed often: today’s big names in data 
processing computers will probably not hold the market for 
computers in process control. 

Industry observers believe that companies who are more 
closely associated with studies in manufacturing process control 
will be able to capitalize on that background. The pundits pre- 
dict a battle for computer sales involving a flock of new faces. 
Among the newcomers frequently mentioned: Daystrom Sys- 
tems, GE’s new computer department, Beckman Instruments 
and Ramo-Wooldridge (which launched an assault in the field). 


One company that’s optimistic about industrial applications Optimistic view 
of computing-control is fast-growing Beckman Instruments. 
Beckman officials predict relatively quick acceptance in the 
chemical and petroleum processing fields and in _heavily- 
instrumented test facilities. By 1960, they esti- 
mate that the computing-control equipment 
market (not counting computers) will total 
$50 million. 

Supporters of this view cite the way auto- 
matic data loggers have caught on; they point 
to the development of new mathematical tech- 
niques, more reliable stream analyzers, and 
steady pressure from rising costs, which, they 
say, will hurry users into computing-control. 


Another company that’s betting on a big 
future in computing-control is Bendix Aviation 
Corp. Bendix’s Computer Div. has already 
sold equipment for computing-control applica- 
tions in wind-tunnels; chemical processing is 
next, the company says. It thinks sales to the 
chemical industry may go as high as $75,000,- 
000 in five years. 

At GE’s new Computer Div., there’s opti- 
mism tempered with conservatism. Marketing 
people see several places where computing- 
control will win acceptance but they feel 
will take time. 

The survey of the industry turned up one 
other fact: computer makers are ready, and in 
most cases eager, to get into computing-control. 
It’s the users who are holding back. 


SEPTEMBER 1957 
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Composite of demagnetization curves showing that for Alnico V, upper, and Indox I, 
lower. Operation in the third quadrant is produced when a demagnetizing force, 
stronger than the magnet, forces flux in a direction opposite normal operation, provid- 
ing negative magnetic induction. Indox magnetic flux returns to full value when 


this force is removed. 


Why Ceramic Magnet Fields Are 
Now Practical for D.C. Motors 


G. R. Hennig, Senior Design Engineer, The Indiana Steel Products Com- 
pany, explains in this interview why Indox ceramic magnets are now 
practical for d.c. motors ranging from fractional to multiple horsepower. 


Question: Why is the use of Alnico mag- 
nets limited to rather small motors, such 
as toy motors? Why are only some very 
special larger motors equipped with per- 
manent magnet stators at the present 
time? 


Answer: The price per unit of usable 
magnetic energy dictates the size limit. 
Alnico contains very expensive raw ma- 
terials. For small magnets weighing a 
fraction of an ounce, this is not too sig- 
nificant. Labor cost, however, the other 
main factor in any calculation, is a size- 
able item in small units. This is not true 
when larger Alnico magnets are required. 
With Indox the opposite is true. Its raw 
materials are cheaper than copper, and it 
appears that the larger the motor—within 
a certain limit—the more economically 
the material can be applied. 


Question: How can Indox I, with only % 
the energy product (BH max), of Alnico 
V, be recommended for motor usage 
where a high field energy is required? 


Answer: Maximum energy product is a 
good criterion of quality for static condi- 
tions, such as in the magnet systems of 
moving-coil instruments or loudspeakers. 
In motors, generators, and many other 
applications where the magnet is subject 
to strong demagnetizing forces, maximum 
energy product is not an important con- 
sideration. One must consider the incre- 
mental permeability, even in the third 
quadrant of the hysteresis loop. The result 
is, that under the most extreme condi- 
tions, Indox I has a maximum usable en- 
ergy of 17.4 in.-lb. per pound while Alnico 
V has only 13.7 in.-lb. per pound. Under 
conditions as found in motors, the usable 
energy of Indox I is about % instead of “% 
of the usable energy of Alnico V. 


112 CONTROL 


Question: How does Indox V compare 
with Indox I and Alnico V, and where 
does this material find application? 


Answer: Indox V is the strongest ceramic 
magnet material available today. Per 
unit of volume it provides more usable 
energy in motors than Alnico V does. 
Flat pieces with at least 2 sq. in. area are 
preferable for production. This means 
that Indox V is suitable for motors with 
about 1/25 hp and more, and not for 
the tiny toy motors. 


Question: What are the size limitations 
for Indox I and Indox V motors? 


Answer: [ndox I is suitable for motors 
from the smallest possible size to about 
Ys hp. Indox V can be applied in much 
larger motors, possibly in the range up 
to 10 hp, or higher. The same applies for 
generators, 


Question: Can any d.c. motor be con- 
verted to a permanent magnet-field motor? 


Answer: Yes, most motors can be con- 
verted with very little design change. 
Others may require a considerable change 
in structure and layout of the armature. 


Question: Is there a problem of meeting 
air gap tolerances with Indox I ring or 
segment stators, unless bore grinding is 
applied? 


Answer: No. Even though there is an 
as-sintered tolerance of + 1.5%, an In- 
dox magnet may be compared with an 
air-core solenoid, and variations of the 
air gap length have little influence on the 
usable flux. Only the O.D. should be 
ground which is an inexpensive operation 
on centerless grinders. 


Question: How will a permanent magnet 
motor compare with shunt or series 
wound motors? 


Answer: In general, a permanent magnet 
motor will have characteristics falling 
between shunt and series wound motors. 
Although it will not duplicate the entire 
speed torque curve for either, it can dupli- 
cate characteristics over a specified range. 


Question: What are the specific advan- 
tages of substituting permanent magnets 
for wound fields in motors? 


Answer: The advantages are: Higher 
efficiency, cooler operation, less use of 
critical material such as copper and, pos- 
sibly, simplification and cost reduction. 


Question: Is there a possibility of using 
Indox in a.c. motors? 


Answer: Yes. In addition to various syn- 
chronous timer motors, d.c. motors with 
Indox magnets can be used with the new, 
efficient power-rectifiers (silicon or oth- 
ers). The advantages over normal d.c. 
motors are higher starting torque and 
better speed regulation. 


Question: How is the speed controlled 
in permanent magnet motors? 


Answer: Normally, by varying the arma- 
ture voltage, but also by using a magnetic 
shunt, by moving the armature axially 
out of the permanent magnet field, by 
rotating the brushes, or by an auxiliary 
field winding. 














Question: Can a permanent magnet sta- 
tor compete with an equal electromag- 
netic stator in size or total volume? 


Answer: Yes, with the materials we have 
today it can. There is only one excep- 
tion: Where wound fields are operated 
with high, short-time overloads. 


A complete reprint of Mr. Hennig’s pa- 
per, “Applying Ceramic Permanent Mag- 
nets to Motor Design” appears in the 
July-September Applied Magnetics. Write 
today for your copy. Dept. P-10. 
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THE INDIANA STEEL PRODUCTS COMPANY 


VALPARAISO, INDIANA 


THE WORLD’S LARGEST MANUFACTURER 
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MAGNETS 


In Canada... The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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CONTROLONICS ~— the science of control —is Daystrom’s word for 
measurement, computation, actuation. Every day, through research, design, 
production — Daystrom continues to build a reputation as the source of products, 
service, and information in the field of CONTROLONICS. 


Draw on the facilities and capabilities of the following Daystrom units. What- 
ever your CONTROLONIC requirement—there is a Daystrom unit to serve you. 








SERVO SYSTEMS 


in measurement ... computation... actuation 


| onrnom TRANSICOIL 


DIVISION OF DAYSTROM, INC. 


WORCESTER ° MONTGOMERY COUNTY . PENNSYLVANIA 


DAYSTROM 


Weapons control ... machine tool control... process 
control—a concise history of servomechanisms. 


By spanning measurement, computation, and actuc- 
tion, servos have become an essential ingredient in con- 
trol, linking the analog output of controlled variables 
to analog or digital references for comparison and cor- 
rection. And, in so closing the minor loops of control, they 
contribute to closure of the major optimum-seeking loop, 
the entire control system. 


As a pioneer in servo technology, Daystrom Transicoil 
has made important contributions both to the develop- 
ment of the art, and its successful present day applications. 
For example: 

SERVO SYSTEM CONTROLS AERIAL CAMERA FILM MOVEMENT 

Servo assemblies compute correct film speed from flight variables 
to compensate for image movement during exposure period. 
PINPOINT POSITIONING FOR SHIPS AT SEA 

Servo system automatically compares phase relationship of three 
sets of fixed origin signals to determine location of receiver . . . fixes 
position to within a matter of feet. 

AUTOMATIC POSITIONING SYSTEM FOR MACHINE TOOLS 

Accepts signals from magnetic tape, punched tape, curve followers, 
to automatically perform numerous machining operations . . . jig- 
boring, hole layout, spot facing, boring, milling, and turning. 
CONTROLLING AND INTEGRATING MANUFACTURING OPERATIONS 
Servo systems control raw material feed rates to maintain desired 
overall production levels. Smooths out production peaks and val- 
leys. 

MEASURING, COMPUTING, AND ACTUATING IN PROCESS CONTROL 
Servo systems tap the analogs of the process for direct analog com- 
putation and control, or for conversion into digital form for manipu- 
lation and control, and in some instances back to analog for servo 


correction. 

Complete information on servo engineering services, 
servo systems, and servo components is available. Write 
for pertinent engineering bulletins covering Daystrom 
Transicoil standard servo components. 





CONTROLONICS 


YSTROM 


AMERICAN GYRO division 


9320 LINCOLN BOULEVARD LOS ANGELES 45, CALIFORNIA 


PRECISION COMPONENTS MEAN PRECISE CONTROL 


American Gyro Division of Daystrom Pacific Corporation sup- 
plies precision control instruments for many of the finest missile 
control systems in existence. 

American Gyro Division of Daystrom Pacific Corporation, 
backed by the tremendous resources of the Daystrom family, 
produces a group of miniature and sub-miniature control in- 
struments that is far ahead of anything else in the field. When 
‘feather-weight" and sub-miniature size are necessary with- 
out sacrifice of accuracy and ruggedness, American Gyro 
components supply the answer. 


WRITE TODAY for complete information on PRECISION COMPO: 
NENTS for PRECISE CONTROL. 


MINIATURE AND SUB-MINIATURE FLOATED RATE GYROS 
FLOATED FREE GYROS 

VERTICAL GYROS 

FIRE-CONTROL INTERVALOMETERS 

RELATIVE WIND TRANSDUCERS 

SPECIAL ELECTRO-MECHANICAL COMPONENTS 


A FEW OF THE MANY PRECISION COMPONENTS BUILT BY DAYSTROM PACIFIC 


SMALL IN SIZE, LIGHT IN WEIGHT, PRECISE IN ACTION 


SUB-MINIATURE 


MINIATURE 
wanes 60 ANGULAR RATE GYRO pen pict 


FLOATED RELATIVE WIND TRANSDUCER 
FREE GYRO 





DAYSTROM 


PACIFIC 


POTENTIOMETER division 


3030 NEBRASKA AVENUE SANTA MONICA, CALIFORNIA 


PRECISION POTENTIOMETERS MEAN 
PRECISE CONTROL 


Almost every precision electronic control system relies on 


potentiometers for control or trimming of current and voltage 


values. Thus, for PRECISE CONTROL, it is necessary to have 
PRECISION-BUILT POTENTIOMETERS. 

Daystrom Pacific—Potentiometer Division produces the finest 
precision-built, wire-wound potentiometers on the market to- 
day. You will find a “pot” model for your every need at 
Daystrom, from the smallest trimming potentiometer on up. 

The engineers and production personnel at the Potentiome- 
ter Division of Daystrom Pacific combine to make an unbeat- 
able team when used to solve your potentiometer problems. 


WRITE TODAY for complete information. 


SMALL IN SIZE, LIGHT IN WEIGHT, PRECISE IN ACTION 


A FEW OF THE MANY POTENTIOMETERS BUILT BY DAYSTROM PACIFIC 


ACTUAL SIZE 


MODEL 301 


MODEL 341-60 
MODEL 400 





CONTROLONICS 


DAYSTROM SYSTEMS DIVISION 


Offers Single Responsibility for the Design, As- 
sembly, Testing, and Installation of Automatic 
Control and Operational Information Systems. 


CONTROLONICS — Daystrom's word for the science of 
control —is a full-fledged branch of today's rapidly advanc- 
ing technology. Its effective implementation calls for a pool 
of specialist engineers, scientists, and administrators from 
which can be drawn the knowledge and experience re- 
quired to solve the complex and infinitely varying auto- 
matic control problems faced by industry, the military, and 
science. 

Far-sighted management will recognize the advantage of 
being able to rely upon a single, qualified organization to 
design, develop, and produce the information and control 
systems it needs. 

Daystrom Systems Division fulfills this need. Its engineers 
enjoy complete technical independence and freedom to 
seek and employ the best engineering practices in design- 
ing, constructing and assembling interrelated groups of mu- 
tually compatible devices into efficiently performing units 
and systems. 

The primary concern of this group is uncompromising re- 
liability. Daystrom Systems is organized to build each system 
from the most suitable components available and to develop 
special components when available equipment does not 
meet Daystrom design requirements. 


The Automatic Control and Operational 
Information System 


Controlonics—embracing measurement, computation, actu- 
ation —is exemplified in the Daystrom-designed Automatic 
Control and Operational Information System. A distinctive 
feature of this system is a specially designed digital computer 
constructed entirely with ‘‘solid state’’ elements. This elimi- 
nates completely the use of hot vacuum tubes, the least reli- 
able elements in most digital computers. There are no fila- 
ments to burn out, envelopes to leak or fragile elements to 
short out. The programming flexibility of this computer is 
unlimited. Pinboards and patchboards—the usual program- 
ming accessories—are entirely eliminated. Programming is 
accomplished by punching paper tape with all the necessary 
instructions such as scanning sequence, sampling schedules, 
linearizations, scaling factors, range suppressions, alarm 
levels and conditions, temperature and pressure valves for 
flow compensation and computation instructions. Such in- 
formation is fed into the computer where it is stored mag- 
netically. The instructions, therefore, can be varied at any 
time without making any physical changes to the equipment. 
All analog voltages are converted to the digital form before 
any Operations whatever are performed upon them. By digit- 
izing the input voltages immediately, and not operating 
upon them in the analog form, inaccuracies introduced by 
analog computations are completely avoided. 

The Daystrom Automatic Control and Operational Infor- 
mation System is designed to provide operators with ad- 
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vanced types of information relating to plant operating effi- 
ciency, as well as to produce corrective signals to control 
equipment. 

Progressive industrial management is investing in conven- 
tional data-logging systems primarily in the interests of gain- 
ing experience in the rapidly developing science of ad- 
vanced control and operational information techniques. 
This has already led, in scattered cases, to minor loop com- 
puter control. The design of the Daystrom Automatic Con- 
trol and Operational Information System capitalizes upon 
the accumulation of experience gained and now, in a sin- 
gle versatile system, takes the boldest step yet toward indus- 


try's ultimate goal of ‘closing the overall process loop." 





Automatic Control—A Sound linvestment 


Daystrom Automatic Control and Operational Information 
Systems constitute a sound capital investment in such fields 
as chemical and petroleum processing, food processing, 
power generation and distribution, steel manufacturing and 
similar industrial activities. By reducing manpower, fully uti- 
lizing equipment, and maintaining .product uniformity and 
quality unattainable by human control, automatic control 
systems justify their cost in wider operating profit margins. 
The Systems Division, through its access to all Daystrom 
research and production facilities, can assemble systems 
more efficiently and at favorable cost to the customer. 


| pal}rnom SYSTEMS 


DIVISION OF DAYSTROM, INC 


LA JOLLA, CALIFORNIA 


TELEPHONE 


$640 LA JOLLA BOULEVARD 
GLENCOURT 4-0421, 
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SAVE VALUABLE ENGINEERING TIME! 


by Daystrom 


HEATH 
Klectronic 


Analog Computer 


In the college classroom, 

or ‘“‘on the job” in industry, the 

Heathkit Analog Computer 

solves physical or mechanical problems by 
electronic simulation of conditions. 


Full Kit $945.00 


This advanced “slide rule” is a highly accurate device that permits 
engineering or research personnel to simulate equations or physical 
problems electronically, and save many hours of involved calculation. 


Ideal for industry, research, or instructional demonstrations. Incorpo- 
rates such features as: 
© 30 coefficient potentiometers, each capable of being set with ex- 
treme accuracy. 
© 15 amplifiers using etched-metal circuit boards for quick assembly 
and stable operation. 

ES-2 AMPLIFIER POWER SUPPLY * A nulling meter for accurate setting of computed voltages. 


A highly stable unit featuring voltage reguic- © A unique patch-board which enables to operator to “see” his com- 
tion and liberal component ratings. 
puter block layout. 


Because it is a kit, and you, yourself, supply the labor, you can now 
afford this instrument which ordinarily might be out of reach economi- 
cally. Write for full details today! 


Save Money with Heathkits 


Now for the first time, the cost of this 
highly accurate, time and work-saving 
computer need not rule out its use— 
You assemble it yourself and save 
hundreds of dollars. 


FREE FOLDER 


Get the complete 
computer story 
from this 
four-page folder, 
available free! 


ES-201 AMPLIFIER: 
Up to fifteen of these units used in computer 
Feoture printed circuits for easy construction. 





a DA ROM UNIT HEATH COMPANY 


BENTON HARBOR 8, MICHIGAN 





RELIABLE CONTROL INSTRUMENTS 
AND COMPLETE SYSTEMS 


... Daystrom Instrument Can Supply Both 


Daystrom Instrument will develop and manufacture control equipment and systems to meet your 
exacting needs. Through the years we've proven the RELIABILITY of our products to every 
branch of the Armed Forces . . . and to many of America’s greatest industries. The talent, tech- 
nical skills and facilities we make available to you assure a product which will meet your most 
critical requirements. And this goes for the development and manufacture of a complete system 
... Of our entry “any place along the line.” 
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RADAR 
SET CONTROL 


Power Control Distribution for SAGE 


Other products made at Daystrom Instrument include 

fire control systems, communications systems, test equip- srapeine 
ment, attack directors, underwater ordnance, power sup- SwiTcH 
plies, electronic chassis, radar, gear assemblies, servo 

applications, aircraft instrumentation and many other 

electronic and electro-mechanical products. 


[) oaprron INSTRUMENT 


DIVISION OF DAYSTROM, INC. ARCHBALD, PENNA. 





CONTROLONI CS 


WESTON) 


covers the field of 
automatic control with... 


CONTROL INSTRUMENTS 
MONITORING INSTRUMENTS 
LABORATORY INSTRUMENTS 


COMPONENTS 
FOR CONTROL DEVICES 


The world's leader in instrumentation for measurement, 
recording and control, also is a foremost supplier of 
components for control equipment and systems. This holds 
many advantages for design engineers and equipment 
builders—because as one of the Daystrom Units, major 
equipment responsibility can be placed at one source... 
instruments and components will be built to Weston stand- 
ards of accuracy and dependability . . . the availability of 
Weston engineering assistance on control instrument 
problems. For literature on any of the products illustrated, 
or engineering cooperation, consult your nearest Weston 
representative, or write . . . Weston Electrical Instrument 
Corporation, 614 Frelinghuysen Avenue, Newark 5, 


New Jersey. 





ELECTRICAL TACHOMETERS 


gO 


For control at the ‘‘turning point,’’ Weston supplies a complete 
line of compact a-c and d-c current generators, in all mounting 
forms, and including types for hazardous locations. Also the 
new “bearingless’ type, so small it can be built into original 
equipment, and used for speeds up to 100,000 RPM. Indicators 
are available calibrated in RPM, gals. per minute, feet per 
hour, or any other function of RPM. 





ELECTRICAL CONTROLLERS 


Weston indicating and recording controllers of the 
potentiometric type are available for measuring and 
controlling many variables, such as temperature, 
rpm, conductivity, voltage, pH, etc. Provide ex- 
ceptional ease of range changing, chart speed 
changing, routine operation and maintenance. 
Single-point and multipoint (up to 24) recorders 
are also included. 


MECHANICAL CONTROLLERS 


Weston mechanical re- 
corders and controllers 
cre available for mea- 
suring and controlling 
temperature, humidity, 
pressure, vacuum and 
liquid level. Also as re- 
ceivers of pneumatic 
transmission signals. Re- 
cording instruments of- 
fer from 1 to 4 pens; controllers with single, duplex 
and. double control systems. Non-indicating con- 
trollers for temperature and pressure cover a wide 
variety of ranges. 
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stability heretofore unknown! 


VAMISTORS* . 


(precision metal film resistors) 


PANEL INSTRUMENTS 





The most comprehensive line of 
panel instruments available for 
monitoring and other requirements 
—round, rectangular and fan 
shapes—sizes from 142” to 6”—as 
a-c, d-c, rf, thermo and rectifier 
types. Models available in rugged- 
ized forms; also models with Cor- 
mag® self-shielding core magnet 
mechanism. 





Virtually zero temperature coefficient * noise free « 
excellent high frequency characteristics > absolutely 
stable at low temperatures, in shock or under vibra- 
tion + shelf life drift only a fraction of a percent 
per year * will not open under overload conditions 
* only .02% change in moisture tests * will change 
less than .5% in 1000 hour load life test at 125C. 
More stable than precision wire-wound resistors, yet 


MULTI-POINT RECORDERS lower in cost! Surpasses tightest MIL specifications! 








Full 10%” strip chart size 
potentiometer recorder in 
compact case (same size as 
? single point recorders) 
which fit standard radio 
racks. Includes all the uni- 
tized design features of 
Weston instruments. Model 
shown available up to. 12 





TRANSDUCERS 


Weston supplies transducers which 
provide proportionate d-c signals 
for speed, light, heat and electrical 
quantities in terms of volts, am- 
peres, watts, including: 


points . . . other models up 
to 24 points, also single 
point recorder models. 


THERMAL CONVERTERS, for remote 
measurement, totalizing, recording 
and control. 


PHOTRONIC® PHOTOCELLS * RESIST- 
ANCE BULBS » THERMOCOUPLES 


SENSITIVE RELAYS 
LABORATORY INSTRUMENTS 
Weston supplies a complete line of high 
sensitivity relays, including the sealed 
Sensitrol® types. These miniature units 
operate direct on input signals as low as 
1 millivolt or % microampere and their 
positive magnetic contacts handle substan- 
tial wattage at 110 volts. Available with 
single or double contacts, fixed or adjust- 
able, manual or solenoid reset. 


Matched lines of laboratory 
standard, and portable preci- 
sion instruments, in accuracy rat- 
ings of 1/10 of 1% and % of 
1%, for all measurement needs. 
Also high sensitivity portable 
thermo instruments with replace- 
able plug-in thermoelements. 


WESTON 


Instruments 
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DAYSTROM 
}/ 


For engineering service, product information on CONTROLONICS—wire, phone, or write the 
office nearest you: 


DIVISION OFFICES 
DAYSTROM INSTRUMENT Archbald, Pennsylvania 
DAYSTROM PACIFIC 3030 Nebraska Avenue, Santa Monica, California 
DAYSTROM SYSTEMS 5640 La Jolla Boulevard, la Jolla, California 
DAYSTROM TRANSICOIL Worcester, Montgomery County, Pennsylvania 
HEATH COMPANY 305 Territorial Road, Benton Harbor, Michigan 
WESTON ELECTRICAL INSTRUMENTS 614 Frelinghuysen Avenue, Newark 5, New Jersey 


DISTRICT OFFICES 
I II a eS ds J Me hw a wale tea es wae 130 W. Chippewa St. 
MAR NEE sa a's as ca eicak usb tae Api ake Cane eta s iss acdaneads oe bi eeaeeen Room 1222, 205 W.Wacker Dr. 
Cincinnati 37, Ohio 7613 Reading Road 
Dayton 2, Ohio 11 W. Monument Ave. 
Ue ORME ARE Se, eines =.) Grane a) Se a ea a Re me ea 2001 S. Grand Ave. 
I ee Oh Se ar Sik wie ads 6:9 RAM eRe eR eRe Rt. 22 & Caldwell Ave., Union, N. J. 
IL) err Le te rs aha oad wise ele Waa RE. haa AO any Saeee Room 1775, 50 Church St. 
ER or Ee Chon Oe rh a a cia cs etary dine h bedi s TR Raise OG ORR OR aT eas 101 N. 33rd St. 
Washington 4, D. C 429 Pennsylvania Bldg., 425 13th St., N.W. 


CORPORATE HEADQUARTERS 430 Mountain Avenue, Murray Hill, New Jersey 


INCORPORATED 





HERE IT IS! 


AN ALY ZE R 


Accurate moisture tests IN SECONDS...not hours 
...with Schlumberger NMR Analyzer 


H2O measured through nuclear resonance of Hydrogen content... 
normal readings in ¥2 minute; accurate to .1%! 


The new Schlumberger Nuclear Magnetic Resonance (NMR) Analyzer, 
uses principles of nuclear physics to measure the total H2O (moisture) 
content of the material being tested ... with speed and accuracy that present 
accepted methods can not approach. 

Using the NMR Analyzer is remarkably swift and simple. The sample 

of material, enclosed “as is” in a sealed bottle, is placed in the test chamber 
and the scanning current switched on. The actual measurement is 

entirely automatic—the recording of the moisture content is inscribed 

on the moving chart that forms a permanent record. 


The Schlumberger Analyzer is virtually foolproof after being set up. 

Tests are made simply by placing the sample in the testing 

receptacle and snapping on the scan switch. Thirty seconds is the normal 

recording time, although in some instances longer periods are required 
-never exceeding four minutes. 


Its effectiveness has been proved through field use on materials such as 
starch, paper pulp, grain, candies, syrups, cotton, etc. 


If you would like to learn how the NMR Analyzer will perform on 

your materials, we will be glad to run NMR tests on your samples. 

Please write for information on the preparation and packing of your 

samples. For technical data on the NMR Analyzer, address SEE IT AT THE 
Applications Group, Room 400, A SHOW 
Schlumberger Well Surveying Corporation, ISA SHO 


Ridgefield, Connecticut. Come to Booth 211 at the 


ISA Convention and see 
the new, spectacular NMR 
Analyzer read off moisture 


° content of samples in just 
a fraction of a minute 
9 ms NMR Specialists will be in 
|e b 


attendance to explain this 
new, nondestructive analysis 
and answer your questions 


WELL SURVEVING CORPORATION 
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The Goal is Improved Performance 


COMPUTING-CONTROL . . . has one over-riding justification—im- 
proved performance. It will bring about better performance of machin- 
ery, plants, and weapons, in terms of better stability of operation, quality 
of product, production rate, efficiency, or yield. 

... uses these basic computing functions—addition-subtraction, multi- 
plication-division, integration-differentiation, counting, and memory. 
Through them it combines and compares the interacting conditions and 
behavior of the equipment to which it is applied, and from these com- 
binations and comparisons, it makes optimum changes in energy and 
material supplies or in subsystem commands. 

... is the center of a widening circle of control techniques and produc's. 
Further advances require— 

* analysis, to determine dynamic and static relationships which the 
computing controller must know 

* invention, of instruments for direct measurement of performance 
where inferential measurements and computations prove inadequate. 


By WILLIAM E VANNAH, Control Engineering 





Computing-control joins computing functions and 
control functions. The usual fixed-function indus- 
trial regulator or military servo uses computing func- 
tions in elementary combinations. For instance, it 
determines error by subtracting the measured condi 
tion of a controlled variable from its desired condi- 
tion. It integrates, differentiates, or somehow 
weights-in-time, the error to correct the rate at which 
energy or material is delivered to the controlled 
object. If the controller is a regulator, its immediate 
objective is to stabilize the controlled variable by 
automatically balancing varying loads. If a servo, it 
is to meet command changes accurately and quickly. 

A look beyond the single loop controlling tempera- 
ture, angle of attack, or power shows regulators and 
servos losing their individual characters and blending 
their objectives into one, the maintenance of per- 
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Workhorse trims for the race 
No one knows to what extent “dynamic” conti 
systems will take over. They will increase in im 


} 


formance. Multiple single control loops, each so 
applied that it ignores the effects of the others as 
much as possible, act to sustain the performance 
of complex weapons and production systems. In 
effect, they hold performance to within those tol 
erances that were determined when the separately 
controlled variables and their respective static set- 
points were selected. ‘The practice is widespread; it 
works well. Recent literature terms it “static” con- 
trol because the control system does not dynamically 
adjust the desired conditions of each independent 
loop. The feature articles and the feature news 
stories in this issue address themselves, for the most 
part, to “dynamic” control, embracing systems which 
either dynamically adjust the separate desired condi- 
tions or incorporate all control functions in one 
integrated computing-control system 
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portance relative to static control loops, but the 
static control loop will at least hold its own. Several 
factors support this prediction. First, the static con 
trol loop is a proven workhorse. Second, many appli 
cations will not economically or technically justify 
“dynamic” control. Third, most of an expected 40 
percent increase in the use of automatic control 
between now and 1961 will have to be met by 
control products designed for static control—becaus¢ 
this we know how to manufacture and apply, whil 
we still have much to learn about ‘‘dvnamic” con 
trol. Fourth, the static control loop will take on 
some of the computing functions required for 
optimum control. 

Recognizing the continuing importance of static 
control, manufacturers and independent researcher 
have pursued the development of two types of ad 








static conte 
\ 
1 xrO 
. on 
cc 
sa) 


10Qm of use of 
control products 





12) 





1954 











vanced single-loop contro] systems—multiple-regime 
controllers and self-adaptive controllers. 

The multiple-regime controller, sensing a sustained 
change in load or command, applies maximum cor- 
rection for an optimum interval and minimum cor- 
rection for a subsequent optimum interval. At the 
correct instant it then switches to standard modulat- 
ing control action. In one version of this controller 
a rudimentary computer solves the equation below, 
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introducing multiplication, to determine the cor 
rect time to return to modulating control. The 
equation solved by the computer includes coefficients 
which depend on the static and dynamic characteris- 
tics of the controlled system. Therefore the excel- 
lence of the multiple-regime controller’s performance 
depends on the stability of the characteristics. 

Ihe self-adaptive controller, as its name implies, 
is supposed to alter its actions to fit the changing 
characteristics of the controlled system. Missiles and 
aircraft use a form of self-adaptive control in which 
an external variable directly adjusts gains and time- 
dependent control actions by amounts determined 
through analysis and test. The adjustment might be 
made by a measurement of altitude or air density, 
or, as in the case of the gain of the Lear Mk II com- 
mercial autopilot, by velocity of control surface move- 
ment. The objective is uniform control action 
performance, to the pilot of a business plane. 


Yesterday and today 

Like so many “new” techniques, computing- 
control is rooted in a past practice which has sud- 
denly enlarged its scope. The expanding forces are 
economic need, stiffer technical requirements, and 











= flow controller 
= ratio adjuster 
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control engineers with new equipment, creative ideas, 
and opportunities to follow them through. To rough 
in the dimensions of computing control, we can start 
with the idea of one controlled variable automatically 
resetting the desired condition of another control 
loop to take care of the interaction between the 
measured variables of the two loops. Control engi- 
neers who developed turbo-jet-engine power controls 
recognized the interaction between engine tempcera- 
ture and speed and improved engine performance 
over wide ranges of operation by interconnecting 
temperature and speed measurement for the joint 
manipulation of fuel. For a long time, combustion 
controls have used three-element boiler drum-level 
control, a system in which the ratio of drum inflow 
to outflow is automatically adjusted by changes in 
drum level. These examples demonstrate the genesis 
of “dynamic” control. The “Computing-Control 
Applied” section illustrates current progress. 

Centralized control, while not a dimension of 
computing-control, is an important influence on it. 
Any attempts to bring together data from the far 
corners of a process and convert the data to intel 
ligence through coordinated control action soonet 
or later suggest prime opportunities for well-justified 
computing-control. The controller may be a machine 
or a man; today it is both. The dominant trend is 
toward taking the man out of the control system 
id putting him in parallel with it. 

He thus becomes a highly intelligent monitor and 
planner, or tactician, whose millions of routine 
decisions are made by a computer. This is the pros 
pect in the Belot, Cuba plant of Esso, where an 
analog computer will present the operator with 
guides for his decisions’. 
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Each step, from the interconnected power control 
for the turbo-jet engine to the calculation of opera- 
tor-manager displays and guides, has contributed its 
part to the technical evolution of computing-control 
Each results in improved performance over wider 
ranges of operation. 


How to Do It 

This issue follows the classic outline developed in 
the September *56 issue on control systems engineer- 
ing. ‘lhe steps laid out in that issue—specification, 
synthesis, and evaluation—are still the job routine. 
But for the engineering of computing-control systems 
they take on more scope because yield, productivity, 
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Or operating cost become controlled variables. 

The general goal, improved performance, requires 
a triangular specification. 

Management, whether of a weapons system or 
of an industrial process, must lay down specific 
objectives of improved weapon kill (yield), better 
productivity (also yield), or lower operating cost. 
Market research must set the quality requirements 
of the product. The control engineer must integrate 
these requirements into his specifications for dy- 
namic performance. 





Performance 
specification 


Dynamics 











Stating the three-way specification considerably 
magnifies the control engineer’s job beyond detailed 
analysis of contro] and controlled equipment. Not 
only does he have to become completely familiar 
with the process to be controlled (as was demon- 
strated last September), but he also has to learn its 
weapon or business strategy. The five “Computing 
Control] Applied” articles, pages 129 through 147 of 
this issue, and the two articles starting on pages 
190 and 197 demonstrate the expansion of this job. 

They, in company with the other features in the 
issue, also show the universality of the concept of 
“proceess”, the vehicle for reaching the objective. 

An editorial roadmap printed at the start of each 
of the next five articles illuminates in color that sec- 
tion of the computing control design route which 
each of them covers. Here is the complete roadmap. 





Process 
vehicle for 
reaching objective 
Page 148 


176 


omputing 

controller 

Page 160 
Dig: Page 166 


Jbyective, 
desired performance 








Moving from the overall specifications prepared 
from a detailed study of the objectives and the 
process, the control engineer makes an intense ex- 
amination of the intetrelationships within the process 
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to establish the “Control Problem for the Computer 
to “Solve”. The article running from page 148 to 
page 159 with that title is a thorough treatment of 
ways to discover the interrelationships and what to 
do with them. The next four articles explain how 
to proceed around the loop. 

Now the computing control loop is closed. We 
complete the issue with two unique examples, pages 
190 through 204. The first, “Statistical Methods for 
Machine-Tool Gaging”’, is a description of an ingen 
ious use of commercially available hardware. The 
second is an historic documentation of how a co 
operative development project can probe the prob 
Jems of industrial computing control. 


Cross-correlations shape 
tomorrow’s jobs 

Though rooted solidly in past practice, computing 
control is still new and has a lot of maturing to do. 
Because of its newness, much of the work reported 
by the experts who have authored aiticles in this issue 
is experimental. The experiments were independent 
of one another, and several were confidential. But 
despite this independence of effort, they reveal certain 
important common facets: 
> The general justification is always improved per- 
formance, but the specific performance requirements, 
and therefore the justifications, vary with each job. 
Some of them stated are: better control of existing 
processes, only known way to control certain fast and 
absolutely unstable reactions, more _ satisfactory 
alarms and interlocks, optimizing of economics, and 
better-integrated data presentation. 
> Approximate mathematical models suffice for the 
first round of iterative design and evaluation. ‘The 
completion of projects still unreported will help to 
establish how faithful a mathematical model must be. 
> Computing control] is directing renewed attention 
to measurement and control hardware and to process 
design. An exquisite job of setting up a mathematical 
model and of designing an elegant data-processing 
and computing system can founder on inadequate 
measurement means and manipulating devices 
(valves, positioners, motors, energy exciters). Meas 
urement, particularly, will receive more concentrated 
emphasis—by “users” and “manufacturer” alike. 

Economic survival through more-automatic p1 
duction and political survival through automatic 
weapons systems will continue to set the pace for 
control enginecring developments. Both require the 
tvpe of performance which flexible computing con 
trol can bring. This issue wraps in a minimum pack- 
age the best thinking and techniques of computing 
control which we could gather in ten months of 
intensive search and selection. As improved appli- 
cations and principles of computing control come to 
light, especially those which show large payouts in 
specific performance, we will publish articles and 
stories on them. 


REFERENCES 
1. APPLIED DIGITAL NO. 14: FITTING THE COMPUTER 
INTO A SYSTEM, M. Phister Jr. and E. M. Grabbe, “Con- 
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Computing- Control Applied 


Computing: control evolves from control-systems engineering. When the control 
engineer cannot find a satisfactory way to control his process by conventional tech 
niques and equipment, a fresh look at his process often shows him a control or op 
timizing relationship requiring some sort of computation. He then reviews available 
control and computing equipment, and designs a unique controller. He has, in 
effect, developed a computing-controller. On the next 18 pages you'll find five descrip- 
tive and diversified case histories of the application of computing-control. 


Cross-fertilization 


The computing-control developments in one industry can have broad-scale influences 
on other industries. This cross-fertilization is important, for without it an engineer 
working on a computing-control problem may spend months and even years on a 
problem already solved by someone else. 

For instance, there is the computer that locates the longitudinal position of a maxi- 
mum temperature, described by Schuerger in his article (page 130) about the steel 
industry’s sintering process. This computer can also be used for locating maximum 
temperature in chemical pipeline reactors to optimize reaction yields. 

The nature of the control problem and the hoped-for results dictate the selection of 
the computing equipment. If the optimizing and control relationships are relatively 
uncomplicated and the process can be controlled in real time, then inexpensive equip 
ment is adequate. This is the case for four of the applications on the following pages, 
all of which use analog components. But when the process requires repeated solutions 
of complex numerical relationships, like the fractionator (page 144), then a digital 
computer, tailored to the control job and perhaps time-shared with several other proc 
ess units, seems called for even though it may be more expensive. 


Cost as a factor 


On some jobs a price of $2,000 or $3,000 for a computing-controller may be ex- 
cessive, while on others several hundred thousand may not be too much to pay. 
The five examples that follow show no direct relationship between the cost of the 
computing-controller and the capital investment for the process equipment or the 
productive value of the process output. 

senerally, however, there will be a rapid payout. For instance, Schuerger’s com- 
puting-controller (which costs perhaps $4,000 or $5,000) when installed on a sin 
tering machine normally rated at about +,400 tons/day, can easily pay for itself in 
the significant increase in production. 

The exception in the cost picture might be the airborne fire-controller (page 138) 
Here, extensive testing and investigation of ballistic requirements, complicated equa 
tions, and stringent environmental conditions raise the final cost. But in military ap 
plications low cost is not the justifying factor. The main consideration is human life 

Simple equipment often meets computing-control objectives. Lieberman proves 
this in a wind-tunnel application (page 134), which uses a combination of stand- 
ard control hardware. Dornbusch shows that a leveling mill (page 141) can re 
store the taper to wrinkled aluminum sheets by using simple electronic operational 
amplifiers. Sometimes, too, more than one way exists for controlling the same process: 
the article on analog computing-control (page 160) discusses an alternative to 
compressor-surge control in a wind tunnel. 
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Computing-Control Applied to a 


SINTERING PROCESS 


Schuerger describes a low-cost system—a group of thermocouples and 
a modified standard potentiometer-indicator—that computes the position 
at which a sintering process reaches completion along the moving bed 
of the sintering machine. The computed signal controls the rate at which 
material is fed to the process to maintain it at its operator-selected pro- 
duction rate. Significant improvement in the 4,400-tons-per-day pro- 
duction of useful blast-furnace burden material is expected when this 


computing-control system is 


THOMAS R. SCHUERGER 
United States Steel Corp. 


In recent years the sintering proc- 
ess, which converts fine particles of 
iron ore into large particles, has be- 
come increasingly important to the 
steel industry. A mixture of fine iron 
ores and granular fuel is fed to a 
continuous grate where the mixture 
is ignited and burned in a down 
draft combustion process. As a re- 
sult, iron-ore fines, which normally 
blow through the blast furnace and 
reduce its yield, are changed into 
usable blast-furnace burden § ma- 
terial. 

Sintering process 

Figure 1 is a simplified schematic 
of a sintering machine that actually 
has five to eight fine-ore storage bins, 
three to five additive storage bins, 
and one hot-recycle storage bin. The 
flow of material begins with feeding 
the fine-iron ore—previously screened 
from raw ore-—onto the collector 
belt. Additives, which consist of 
coke fuel, flue dust from a_ blast 
furnace, and perhaps small quan 
tities of other materials, are then 
delivered to the collector belt after 
the fine-ore. Finally, hot recvcle, 
which is sintered ore that is too fine 
for use in the blast furnace, is added 
on top of the other materials. ‘The 
resulting sinter mix then flows into 
the mixer, where water is added. 
Leaving the mixer, the wet sinter 
mix enters the feed end of the sinter- 
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tied in with 


ing machine. Here, the mix is spread 
to a depth of 12 to 14 in. on a con- 
tinuously moving grate about 6 to 
§ ft wide and 100 to 180 ft long. 
(he mix is ignited on its upper 
surface as it passes under the igni- 
tion furnace and the down-draft vac- 
uum (or wind) system causes the mix 
to burn from its upper surface down 
to the grate surface as the grate 
moves forward. A large-capacity fan 
draws air down through the bed of 
the mix. ‘The air passes through the 
bed into the windboxes underneath 
the entire length of the machine. 
The sintered material discharges 
from the gate end onto a separating 
screen: oversize sinter is the desired 
sinter product, which is sent to the 
blast furnace; undersize sinter, called 
recycle or hot returns, is immedi- 
ately sent to the recycle-storage bin. 
Recycled material is frequently a 
source of trouble in the sintering 
process. Its limited-capacity storage 
bin means that the recycled material 
must be used in new mix nearly as 
rapidly as it is received from the 
screen. If operation is unstable and 
large quantities of recycle are being 
obtained, the instability tends to 
regenerate through the recirculation 


of poor material in the recycle cir- 


cult. 


Sintering is a physical and chemi- 


cal process and should lend itself to 
close regulation by automatic means. 
All usable chemical processes have 
a region of stability that results in 
higher production and better prod- 
uct quality. A study of process vari- 


standard 


weigh feeders. 


ables leads to an und 
how maximum pro 
be achieved. 

Such a study for the sintering 
process is shown in Figure 2. ‘Ihe 
storage bins, the fan system, and the 
sintering machine the physical 
plant) are shown in their proper r 
lationship to the process independent 
variables: mix composition, mixing, 
bed permeability, and wind rate. Bed 
permeability is the sinter bed’s r 
sistance to air, or wind, flow through 
it. The constituents of the sinter 
mix should be homogeneously, in 
termixed by the mixer, and thx 
sinter mix should achieve the prope: 
flufhness so that the sinter bed is 
sufficiently permeable. 

Interaction occurs among some of 
the variables. Mix composition in 
fluences mixing, mixing influences 
bed permeability, and bed perme 
ability influences wind rate. 

In older sintering plants the mixer 
and fan were designed into the plan! 
as fixed-capacity nonadjustable de 
vices so that process regulation not 
mally consisted of manually con 
trolling the composition and rate at 
which various constituents left the 
storage bins, and manually control 
ling grate speed to be compatibk 
with sinter-mix burning rate. 

Laboratory and field studies un 
dertaken to improve the sintering 
process showed that 

P for a given grade of fine ore 
optimum ranges exist for percent 
fuel and for percent moisture in the 
sinter mix 


standing of 
; stability can 





FIG. 2. This block diagram analysis shows the sinter 
ing-process physical plant, and the four independent 
variables that lead to two dependent variables, sinter 


1. Schematic of the Dwight-Lloyd sintering machine 


> mixing and wind rate are im- 
portant variables and this knowledg¢ 
is now used when specifying mixet 
and fan capacities and design 

Pa simple relationship exists be- 
tween the vertical burning rate of 
the sinter mix and the sinter-mix 
burn-through position on the mov- 
ing grate. The burn-through posi- 
tion is the longitudinal position, on 
the continuously moving grate, at 
which the vertical burning zone 
reaches the grate. Maximum produc- 
tion results when burn-through oc- 
curs just prior to the discharge end 
of the machine. 


Computing-controlled sintering 


The study, in conjunction with 
Figure 2, indicates that the four in- 
dependent variables lead to two pri- 
mary dependent variables: sinter 
composition and sinter burning rate. 
However, sinter burning rate, which 
cannot be measured directly, is re- 
lated to burn-through location and 
burn-through location is related to 
machine speed. ‘Therefore, for a 
practical sintering process, two regu- 
lating factors are available: 

> sinter-mix composition, which 
establishes sinter quality and which 
can be regulated from the storage 
bins 

P sintering burning rate, which 
establishes production rate (and 
hence feed rate) and which can be 
regulated from sinter-machine speed 

‘The operator need only set the 
percent of additives (water and coke) 
and the desired location of sinter- 


composition (quality) and sinter burning rate (quantity 


mix burn-through on the grate of 
the sintering machine. 

I'he computing-control system 
(patents pending for part of it) con- 
tains two major contro] loops: 

Pthe automatic speed-control 
loop—which measures bed level to 
adjust grate speed (production rate), 
computes burn-through position, and 
delivers a feed-rate signal to 

P the automatic feed control loop 
—which proportions the constituents 
of the machine feed (quality con- 
trol) and varies the feed rate in ac- 
cordance with the signal from the 
speed loop. 


Speed control 


The automatic speed-control loop 
for the sintering machine is dia- 
grammed in Figure 3. A level-sensor 
at the feed end of the sintering ma- 
chine measures the amount of ma- 


PIG. 3. The automatic 
speed-control loop uses 
a novel computer for 
finding the burn. 
through location of 
maximum temperature 
in the sinter bed. 


terial arriving at the machine. If 
too much sinter mix arrives the 
sensor causes an increase in speed 
so that the machine uses all the ma- 
terial arriving. If too little arrives, 
machine speed is reduced so that the 
proper amount is always placed on 
the grate. Thus, grate speed is con- 
trolled as a function of feed rate. 

The second important sensing 
element in the speed-control loop 
is a specially designed but simple 
detector for computing the sinter- 
mix burn-through location from 
wind - temperature measurements 
taken in the windboxes. Knowing 
burn-through location and machine 
speed permits calculation of the de 
sired ore-plus-recycle feed rate refer- 
ence signal that goes to the auto- 
matic feed-control loop. 

Thus, with control loops linked, 
regulated sintering-machine speed 
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FIG. 4. The average temperature 
in each windbox is measured. 
Near maximum temperature, the 
curve of temperature vs. windbox 
number can be approximated by a 
quadratic equation. 


FIG. 5. The burn-through loca- 
tion can be found with this com- 
puting circuit, which solves for 
the location of maximum tempera- 
ture of the curve in Figure 4. 


always maintains the desired preset 
burn-through location. 


Computing burn-through location 


Burn-through indicates comple- 
tion of the sintering process, and 
measurement of burn-through loca- 
tion is based on the curve shown in 
Figure 4. Wind temperature is 
plotted against 21 windboxes num- 
bered from the feed end. The points 
16.5, 17.5, etc., indicate the centers 
of their respective windboxes, and 
the temperature measured is the 
average temperature in each wind- 
box. Wind temperature attains a 
maximum at the burn-through posi- 
tion, and the windbox-temperature 
curve in the vicinity of the burn- 
through location is such that the 
curve can be approximated by the 
quadratic equation. 


T=axr°+br+e 


where x is defined within one wind- 
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box interval. To find the location of 
maximum temperature the quadra- 
tic is differentiated and set equal to 
eeu: 

TTmaz = —b ‘2a 
The location of maximum tempera- 
ture is then a function of the co- 
eficients of the original equation 
and these coefficients may be found 
by using standard difference tech- 
niques. Then: 


Tx» ia Tx 


= 7 —— +().5 
r,-3?.+7. 


ITmaz = 

This analog equation is developed 
by the circuit shown in Figure 5. 
Thermocouples measuring windbox 
temperatures are connected to this 
servomechanism and_ the  burn- 
through location is generated as the 
position of a slidewire pointer. The 
burn-through computer thus con- 
verts discrete temperature informa- 
tion into a continuous indication of 
the location of the burn-through 
point along the grate of the sinter- 
ing machine. 

The denominator in the analog 
equation is developed by the group 
of four thermocouples: T,. — 2T» 4 
Tx. The numerator is developed by 
Tx — Tz. As shown in Figure 5, 
e, is equal to x times e,, where e, is 
the emf developed by the denomi 
nator thermocouples and x is the 
slidewire contactor position. Also, 
e, equals e, + 0.5e4, where e, is the 
emf generated by the numerator 
thermocouples. The bias connection 
from the variable resistance in paral 
lel with the slidewire fixes the 0.5e 
bias for e,. The servo automatically 
seeks its null-balance position, and 


at balance e, equals e.. Therefore, 


xe, equals e, + 0.5e4, or: 
xz=e,/eat+0.5 
and by substitution 


ZTmaz = HF Tn— Tn _ 
T9—2Tt+Tn 

The thermocouple inputs are easy 
to handle because they are essen 
tially zero-impedance voltage sources 
The arrangement shown is fully tem 
perature-compensated in that all 
leads to the electrical portion of the 
measuring circuit are positive ther 
mocouple wires. The circuit in 
Figure 5 measures an_ indicated 
burn-through location in any one 
given windbox. For control pur- 
poses the measuring range must be 
expanded over several windbox in- 
tervals. Then, several thermocouple 
groupings in different sets of wind- 
legs are used in conjunction with 
tapped slidewires and cam switches. 
The United States Steel Applied Re- 
search Laboratory has constructed 
two computers that use automatic 
switching mechanisms to change 
sets of thermocouples when th« 
burn-through location moves from 
one windbox range to another. 

Figures 6 and 7 show the thermo 
couple well-assembly for one wind 
box and the front view of the most 
recently constructed Burn-Throug' 
Indicator. 

Since the sintering machine is a 
fixed - capacity continuously - moving 
grate, machine speed is directly pro 
portional to feed consumption. In 
other words, the speed of the sinter- 
ing machine must be proportional to 
the feed rate and the machine speed 
calculated from the burn-through 
location is equivalent to the desired 


+0.5 





Legend 
Burning rate of sinter 
Sintering - machine speed 
Length of bed used for 
sintering 
Depth of bed 
Tota 


= Desired machine speed 


FIG. 6. Thermocouple and 


well-assembly for one windbox. 


FIG. 7. The burn-through indicator com 
putes the location of maximum temperature 
vs. windbox number and _ transmits this 
information for use in the feed-rate loop 








bed length 


for use of total bed 
Vp <2 length 


Machine speed is simply related to burning rate. FIG. 
commercially available weigh feeders to maintain 
preset proportions of ore, coke, and recycle. The 
feed-rate reference determines the tons/hr produced. 


feed rate. The relationships in 
Figure 8 demonstrate that V,, is 
the machine speed required to keep 
the burn-through position at L,. 
Figure 8 also shows the ignition 
point on the sinter bed and a burn- 
through point. The unsintered mate- 
rial is the dark region on the lower 
side of the bed and the sintered 
material is the light region on the 
upper side of the bed. 

The control-computer calculates 
machine speed V,. and through a 
constant related to bed capacity it 
calculates the feed-rate reference re- 
quired to maintain the desired burn- 
through location L,. This computer 
is of the analog type, and performs 
its calculations intermittently _be- 
cause the feed rate is changed only 


at intervals equivalent to the trans- 
port time of a given element of sin- 
ter over the entire bed length. The 
burn-through signal is integrated 
over a small portion of the total 
sampling time to reduce the noise 
level of the measuring system. 


Feed control 


[he automatic feed-control loop, 
Figure 9, receives the feed-rate sig- 
nal computed in the speed-control 
loop. Individual scales weigh out 
ore, coke, and flue dust. Feed rate 
reference regulates ore-feed rate, 
and any deviation is automatically 
corrected through the feedback loop. 
The feed-rate reference at the ore 
bin is the total desired ore-plus-re- 
cycle feed rate. The feedback signal 
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-— Feed rate reference 


feed-control loop uses 


is the sum of the ore-feed rate as 
measured at the scale and of the 
recycle-feed rate from the recycle 
bin. A desired percentage of this 
feedback signal is selected on the 
dials by the operator and serves as 
the set-point for the feeding devices. 
The feedback-controlled weigh feed- 
ers automatically regulate the addi- 
tive feed rates to the preset percent- 
ages. 

The recycle feed rate depends 
only on recycle level in the limited 
capacity storage bin. The balance 
feed-rate reference signal is made up 
of ore. Additive feed rates are fixed 
percentages of the ore-plus-recycle 
reference, and these rates automati- 
cally follow the feed-rate demand 
from the computer. 
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Computing-Control Applied to 


WIND TUNNELS 


Lieberman picks three problems in continuous and blowdown wind tun- 
nels that lend themselves to that area of computing-control handled by a 
controller and an assortment of common transducers and circuits: surge 
control to protect air compressors, correcting for variations in gain, and 
computing the density corrections for the compressed air. 


DAVID A. LIEBERMAN* 
Askania Regulator Co. 


Wind-tunnel control is still an- 
other area that requires computa- 
tional techniques, primarily because 
of the unusual relationships between 
the variables being controlled. Some 
ways that computing-control is ap- 
plied here: 

1. Determining the value of a va- 
riable not readily amenable to, or 
implicitly available for, measure- 
ment, 

2. Correcting the system for loop- 
gain variations that might cause in- 
stability or sluggish operation. 

3. Compensating for the effect of 
changing conditions on calibration. 

4. Correcting the equation of 
state of a perfect gas for changes 
resulting from high pressures and 
temperatures. 

5. Controlling nozzle opening for 
changes in Mach number. 

Three specific examples of wind- 
tunnel control—surge control, gain 
compensation, and density correction 
—will be examined after a brief de- 
scription of continuous and blow- 
down wind tunnels. 


Wind tunnels 


Because wind tunnels simulate 
aerodynamic and climatic conditions 
that may be encountered by an air- 
craft in flight, they permit a model 
of the aircraft (or a part of it) to be 
tested on the ground. The basic ele- 
ment of a wind tunnel is its nozzle, 
located upstream from a test cham- 
ber. Upstream from the nozzle is a 
stilling chamber. The model itself 
is in the test chamber. Nozzle shape 


* Mr. Lieberman is now with Applied 
Research, Inc., engineering consultants. 
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and conditions in the stilling cham- 
ber determine the conditions of the 
air at the model. Therefore, stilling- 
chamber conditions must either be 
held constant during the test or fol- 
low a programmed set-point. For 
simplicity, it will be assumed that 
stilling-chamber pressure is the only 
controlled variable, although in prac- 
tice the temperature would probably 
also be controlled. 

Figure 1 is a schematic of a blow- 
down wind tunnel. Air is compressed 
to an extremely high pressure and 
stored in a large chamber. At time 
t = 0 a gate valve fully opens and 
allows the air to flow through a con- 
trol valve to the stilling chamber 
and out through the nozzle. As the 
air-in the storage chamber is exhaust- 
ing, its pressure diminishes and the 
control valve must open wider to 
maintain desired conditions at the 
nozzle. 

Figure 2 is a schematic of a con- 
tinuous wind tunnel. A bank of 
compressors (represented here as one 
compressor) supplies the air. The 
compressors, in series-parallel to ob- 
tain necessary pressure and flow, are 
cascade-controlled. A base controller 
maintains nearly constant pressure at 
each compressor or compressor sub- 
group. A fine controller provides 
very accurate control of pressure at 
the stilling chamber by adding or 
subtracting small amounts of air. 


Computing for surge controls 


Surge control is a problem in con- 
tinuous wind tunnels of preventing 
compressors, piping, and associated 
equipment from operating in an un- 
stable surge region. The compressor 
series-paralle] arrangement common 
to wind tunnels intensifies the surge 
problem. 

At a given speed and temperature 


the compressor characteristics may 
be represented by a plot of its output 
to-input pressure ratio vs. inlet volu- 
metric flow. For a first approxima- 
tion, speed may be assumed constant 
since the compressor will usually be 
driven by a synchronous motor, and 
inlet temperature may be assumed 
constant since interstage coolers will 
generally be used. Figure 3 shows 
two different compressor characteris- 
tics. Both curves show that over the 
compressor-operating range, pressure 
ratio decreases with increased flow 
through the compressor. Maximum 
volumetric flow occurs at a pressure 
ratio of unity, and as flow diminishes 
pressure ratio increases to some 
maximum value. 

A surge point is indicated on each 
curve. Pressure ratios near or above 
the surge point cause the compressor 
system to become destructively un- 
stable. Some form of relief valve (see 
Figure 2) is needed to blow off some 
of the outlet pressure and keep the 
system away from the surge region. 
However, because of the uniqueness 
of the control requirement, surge- 
point conditions are described by va- 
riables not readily available for direct 
measurement. The control problem 
divides into two main parts: 1) sens- 
ing an approach to surge conditions, 
and 2) preventing entry into the 
surge region. 

If a compressor with a character- 
istic A is being controlled, then in 
the surge point region: 
> pressure ratio is relatively constant 
> inlet volumetric flow is a variable 

Thus, measuring inlet volumetric 
flow indicates an approach to surge 
conditions. The method of making 
this measurement will be covered in 
a later section on density correction. 

A compressor with characteristic 
B, on the other hand, exhibits these 
attributes: 














FIG. 3. Typical compressor charac- 
indicating 


teristics 


> inlet volumetric flow is relatively 
constant 
> pressure ratio is a variable 

Since the slope of curve B is finite 
in the surge point region, it is tempt- 
ing to use inlet volumetric flow again 
as a measure of approach to surge 
conditions—especially if a surge 
controller had been previously devel- 
oped for characteristic A compressors. 
However, inaccuracies of available 
flow instruments may cause a large 
error in surge control. 

Therefore, pressure ratio must be 
measured. Pressure transducers de- 
liver voltages proportional to inlet 
and outlet pressure. But dividing one 
voltage by the other to get the ratio 
is not so easily done. Analog opera- 
tional amplifiers may approximate 
the required division, but they could 
add complications. One practical 
way to get pressure ratio control is 
to use actual controller elements to 


FIG. 1. Simplified schematic 
of a blowdown wind tunnel. 


FIG. 2. Simplified schematic of a continuous wind tunnel. 


surge 


points. 


perform the necessary computation. 

Figure 4 illustrates one such 
scheme. The compressor inlet pres- 
sure P, and the outlet pressure P, are 
measured by rewrenk paeee pres- 
sure transducers. The relevant equa- 
tions are: 

P:/P,=P, actual pressure ratio, by 

definition 

P.= P,P, 

P,— P,= P,P,— P, = P;(P,-—1) 

(P:— Pi) — Pi(P,—1) =0 

A differential pressure transmitter 
produces P, — P,. Now, if the signal 
P, is multiplied by a potentiometer 
setting representing P,* — 1, and 
the signal is fed into a controller, 
the controller operates on an error 
determined by the difference be- 
tween actual P, and desired P,* pres- 
sure ratios. P,*—1] is simply a mat- 
ter of scaling the set-point dial on the 
controller. 

The error signal seen by the con- 






troller is: E = (P,—P,) — P,(P,*—1). 
But P, is P,P,. Therefore: 
E=(P,P,— P;) — Pi(P,* —1) 
E/P,=(P,—1)—(P,*—1) 
E, P,= P,—P,* 


This last equation shows that the 
controller operates on the difference 
between actual and desired pressure 
ratios. Variations in P, change the 
gain of the system, but this is easily 
corrected with a second potentiom- 
eter on the P, transducer. 

The simplest way to keep the com- 
pressor away from the surge region is 
to blow off some of the output air 
to atmosphere (or to the compressor 
inlet). The controller operates the 
blowoff valve through a fast-response 
electrohydraulic servo that gives 
timely protection to the compressor. 

The desired pressure ratio P,* 
must be set at some value less than 
the known surge-point to compen- 
sate for instrumentation and dynamic 
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tracking errors in the control sys- 
tem. However, the closer P,* can be 
set to the surge-point, the more efh- 
cient is compressor utilization. This 
is an example of a better control sys- 
tem improving process efficiency. 
An integral-mode added to the 
controller offers an advantage. If the 
pressure ratio is below the set-point 
the controller attempts to increase 
pressure ratio by closing the blowoft 
valve to prevent air waste when the 
compressor operates below surge. 


Gain compensation 


Tests made in a blowdown wind 
tunnel last for only a few seconds. 
When the gate valve opens, the high- 
pressure air in the storage chamber 
discharges rapidly through the still- 
ing chamber, through the nozzle, 
and into the test chamber. Control 
must thus take place under transient 
conditions—the wind tunnel never 
reaches useful steady-state. 

Because of the large variation in 
pressure between the time the test 
starts and the time it ends, a con- 
trol loop whose gain is a function of 
pressure magnitude may provide sat- 
isfactory control at one set of con- 
ditions but may be sluggish or un- 
stable at another. The variable gain 
in the surge control problem was 
compensated for by correcting it as a 
function of P,. 

In blowdown wind tunnels, Fig- 
ure 1, change in control-valve gain, 
as a function of pressure drop across 
it, is the prime contribution to the 
gain changes around the loop. The 
input to the control valve is a valve 
position ordered by the controller and 
final contro] element (power servo). 
The valve’s output is a flow of air, 
primarily determined by valve-stem 
position and valve characteristics, but 


also dependent on other varying con- 
ditions. 

A general equation for compres- 
sible flow through the control valve 
1S: 

W =K(Ph/T)*2 

is the flow in lb/unit time 
(weight flow) 
K is a known static function of 
valve stroke (or valve angle 
P is the pressure upstream from 
the valve 
h is the pressure drop across it 
T is the temperature of the com- 
pressible fluid at the valve 


where: W 


Pressures and temperatures are meas 
ured in absolute units. K carries all 
necessary constants. 

Of particular importance in blow- 
down wind-tunnel work is the fact 
that critical flow exists at all times 
through the contro] valve. Although 
the flow through the valve is a 
function of P and h, when h is large 
the output pressure (P — h) is 
negligible and the flow is determined 
by P alone. Thus, as the output pres- 
sure is decreased to the point where 
it no longer affects the flow rate the 
flow equation is replaced by one in 
which P enters to the first power 
(rather than square root) and the 
flow is said to be critical. With air 
as the fluid, when the output pres 
sure of the valve (P — h) is less 
than (about) 0.53 of the input pres- 
sure P, the flow through the valve is 
critical. Under critical flow, with 
reasonable accuracy, h can be re- 
placed by P/2, and the flow equa- 
tion can be rewritten: 

W =K’'P(T)“? 

The weight flow depends on the 
open area of the valve, which in 
turn depends on its geometric rela- 
tionship to valve stroke. The result- 
ing nonlinear changes of static valve 
gain with valve opening can be 
linearized over the operating range 


FIG. 4. Details of surge controller used in continuous wind tunnels, Figure 
2, that computes pressure ratio to maintain stable compressor operation. 





by linkages in the valve-operating 
mechanism or by a characterized 
feedback in the controller’s final ele 
ment. This is a simple way to com- 
pute the compensation necessary to 
maintain the K’ portion of the valve 
gain at a constant value. 

But the above equation also shows 
that a change in inlet air pressure or 
temperature, or both, to the valve 
will change the flow for a fixed valve 
stroke. Thus, in addition to being a 
function of valve stroke, valve gain 
is also a function of pressure and 
temperature. In blowdown wind tun 
nels the variation in inlet pressure P 
will be large when the storage cham 
ber is evacuated during the test from 
a high initial pressure to a low final 
pressure. Furthermore, the stored air 
may be hot if it has recently been 
pumped into the storage chamber 
and it will cool rapidly as it is re- 
leased. These variations in pressure 
and temperature are large enough to 
have a marked effect on valve gain 
and system response 

One way to compute the gain 
compensation for changes in pres- 
sure and temperature is shown in 
Figure 5. Here, pressure and tem 
perature transducers are introduced 
between the controller output and 
the valve positioner with character- 
ized feedback. The pressure trans- 
ducer corrects for the effect of 
pressure on control-valve gain by re- 
ducing the ordered valve stroke for 
increasing pressures. The tempera- 
ture transducer contains a square- 
root cam (or potentiometer Tem 
perature is entered by modifying the 
signal from the controller to the 
valve, i.e., by calling for increased 
valve stroke for increased tempera 
ture. Thus, the characterized link- 
age or feedback, the pressure com 
pensation, and the temperature 
compensation elements compute, in 
a very simple manner, the overall 
gain correction necessary to maintain 
a stable control loop 


Density correction 


In metering the flow of a compres- 
sible fluid (air, in the case of a wind 
tunnel) by means of a pressure drop 
across a calibrated orifice, the weight 
or volumetric flow through the ori- 
fice is a function not only of the 
pressure drop across the orifice but 
also of the density of the air. But 
air density depends on air tempera- 
ture and pressure. Thus, appropriate 
computation based on pressure and 
temperature measurement can yield 
a density correction for the ‘weight 
or volumetric flow control. 

Figure 6 shows a method for com- 
puting density correction for air-flow 











control in the wind-tunnel ducting. 
Here, the differential pressure across 
the orifice determines the air flow, 
which is the controlled variable in the 
control loop. The flow controller, in 
the arrangement shown, attempts to 
maintain flow at some set value. 

The orifice equation is the same as 
the valve equation used in the sec- 
tion on gain compensation, and can 
be rearranged to: 


h=K,(W?T/P) 


For a given weight flow through the 
orifice, the differential pressure will 
be affected by the density of the air 
as represented by temperature and 
pressure, and will be a true indica- 
tion for only a particular calibrated 
T and P. For other values of tem- 
perature and pressure a density cor- 
rection must be computed and en- 
tered into the controller. 

If the differential pressure signal h 
is multiplied by the ratio of pressure 
and temperature: 


hP/T =K,W? 


the resultant corrected signal would 
be a true indication of weight flow. 
Actually, as shown in the equation, 
the differential pressure is a function 
of flow squared. This means that the 
set-point of the controller must be 
calibrated in flow-squared units and 
that there will be a loop-gain change 
at different flow rates. 

Returning to Figure 6, pressure 
and temperature transducers vary 
their resistances in proportion to 
their respective variables. These re- 
sistances, together with a feedback 
potentiometer, form a bridge circuit 
excited from a_ constant-voltage 
source. The bridge is continuously 
forced to balance by an amplifier 
driven motor geared to a shaft to 
which the feedback pot is attached. 
The bridge will be in balance, and 
the motor will stop turning, when 
the impedance ratio of the two lower 
arms equals the ratio of the two 
upper arms. 

The ratio of the two upper arms 
is, of course, P/T needed for density 
correction. The motor shaft will 
have rotated through an angle repre- 
senting (but not proportional to) 
the ratio of pressure to temperature. 

The differential pressure h is con- 
verted to a force by the diaphragm. 
The density correction is entered on 
a ratio slider that changes the po- 
sition of fulcrums in a leverage sys- 
tem whose force output is then 
differential pressure multiplied by 
density correction. This output force 
opposes another force, a spring, rep- 
resenting a weight-flow rate set-point. 
A difference in forces moves the jet 
pipe of a hydraulic valve that, 





FIG. 5. Gain compensation used in blowdown wind tun- 
nels assures fast response and stability at all conditions. 


FIG. 6. Density correction computation assures controlled 
weight flow independent of changes in air pressure and 
temperature. Interchanging R, and R; gives density correc- 
tion for controlled inlet volumetric flow. 


through a crank-type cylinder, po- 
sitions the control valve until the 
density-corrected differential pressure 
is equivalent to the preset weight 
flow. 

Recall that in the surge control 
problem the pressure ratio was a 
function of inlet volumetric flow, not 
inlet weight flow. The scheme shown 
shown in Figure 6 can be used for 
density correction in the surge-con- 
trol loop merely by interchanging the 
positions of the pressure and temper- 
ature resistances in the bridge. This 
makes the motor angle at balance 
representative of the temperature-to- 
pressure ratio. 

The differential pressure: 


h=K,(W?T/P) 


is multiplied by the ratio of tempera- 
ture to pressure: 
hT/P=K,(WT/P)? 

From the equation of state of a per- 
fect gas it is known that: 

PV=WRT 
where R is the gas constant. There- 
fore: 

WT/P=V/R 
Thus, the density-corrected differen- 
tial pressure signal becomes: 

hT/P=K,V? 
where V is the volumetric flow 
through the wind tunnel, With 
proper calibration of the set-point, 
the control loop maintains a preset 
density-compensated volumetric flow. 
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Computing-Control Applied to an 
AIRBORNE FIRE-CONTROLLER 


Computing-control of airborne gunnery systems represents a mature 
application of computers to process control. The particular system dis- 
cussed here tracks another aircraft, determines ballistic and kinematic 
effects, and computes the necessary prediction angle for a projectile. 
Specific details about any one airborne fire-control system remain un- 
der security wraps. However, the authors point out the input informa- 
tion needed by the computer, show how exact equations are found by 
using a ground-based digital computer, and discuss the equipment ac- 
tually used as hardware to solve the necessary prediction angle equations. 


ROBERT C. PFISTER 
E. EDWARD BUDER 
The Emerson Electric Mfg. Co. 


Shooting down one aircraft from 
another involves problems in combat 
that can only be solved by a higi 
degree of computing and control. 
This is because many of the combat 
functions once performed by a hu- 
man operator are now performed in 
a more exact and integrated way by 
the gunnery system itself. Among 
these are: automatic target tracking 
and ranging, maneuvering of the gun 
turret (this is impractical for a man 
to do when the gun is in a slip 
stream of a high-speed aircraft), and 
computer-controlled aiming. 

Figure 1 shows the major com- 
ponents of a typical airborne fire- 
control system. For the sake of clar- 
ity, only a single axis is considered 
here; actually the radar and turret 
systems move on two gimbal axes, 
those of azimuth and elevation. 

The function of a fire-control 
computer is to aim a weapon so that 
projectiles intercept, in space and 
time, a rapidly-moving enemy air- 
craft and destroy it. This requires 
the continuous calculation of the 
angle between the present line of 
sight to the target and the correct 
weapon-aiming line. This angle in 
space is known as the prediction 
angle. The calculations to find the 
prediction angle necessitate the ex- 
trapolation of both the projectile 
path and the target path during the 
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projectile’s flight time. Hence, the 
term prediction is fully appropriate. 

Dynamic performance of the fire- 
control computer influences its de- 
sign. Some dynamic considerations 
are inherent noise in the inputs; the 
specific control response necessary to 
stabilize the overall tracking and pre- 
diction loops; and the effects of com- 
puter dynamics. 


The prediction problem 

The gunnery prediction problem 
cesults from two major effects: kine- 
matic and ballistic corrections. Kine- 
matic correction, which results from 
the perceived motion of the target 
during the projectile’s flight time, 
must itself recognize two effects: 

1. Absolute motion of the target 
aircraft rotates the line-of-sight to 
the target. 

2. Absolute own-ship motion also 
determines line-of-sight __ rotation. 
The resultant correction angle of 
the weapon-aiming line is called the 
lead angle, L in Figure 2. 

This figure also indicates a devia- 
tion, called the ballistic correction 
angle B, of the actual projectile 
flight path from the weapon-aiming 
line. This is the consequence of 
three more (independent) effects: 

1. Gravitational forces on the 
projectile cause a curvature of the 
trajectory. 

2. Velocity loss of the projectile 
as it traverses the trajectory causes 
an apparent trajectory curvature. 
This effect is commonly called wind- 
age curvature. 


3. For projectiles fired crosswind, 
the interaction of aerodynamic 
forces with the gyroscopic properties 
of the spinning projectile causes a 
damped spiraling motion of the pro- 
jectile (see Figure 2). This motion 
damps along a line other than the 
weapon-aiming line. The resultant 
displacement from the weapon-aim- 
ing line is called windage jump. 

The total prediction angle P is 
the sum of the kinematic and bal- 
listic angles. Figure 3 shows the 
input information and subcomputa- 
tions needed to arrive at the predic- 
tion angle’s elevation and deflection 
(azimuth) components. Note that 
the computation procedures are very 
similar for each axis, except that the 
gravity effect must be introduced 
into the elevation component. 

The high velocities and altitudes 
of today’s military airplanes mark- 
edly affect the design of fire-control 
computers. High velocities mean in- 
creased target motion during the 
projectile’s flight time, and thus a 
larger lead angle to be corrected by 
the computer. However, all this is 
partially offset by the less dense 
atmosphere at the higher altitudes. 

A more complex relationship 
exists between windage jump mag- 
n-tude and aircraft velocity and alti- 
tude. Windage jump increases with 
aircraft velocity because of both the 
larger projectile yawing angles and 
the decreased projectile velocity in 
the air mass. At low altitudes the 
spiraling motion of the projectile 
may be neglected because of the 
short projectile range at which 





damping is completed. But at 
higher altitudes the damping de- 
creases. The computing-controller 
must therefore account for all afore- 
mentioned changes in ballistic char- 
acteristics if system accuracy is to be 
maintained. 

Before exact fire-control problems 
can be solved, realistic interceptor 
paths must be computed. Factors 
that affect the space paths include 
the interceptor’s armament and aero- 
dynamic behavior, the type of at- 
tack, and the relative aircraft posi- 
tions at the start. Projectile ballistics 
and computer dynamic response 
must also be known. 


Control equations 


Instrumentation of exact equa- 
tions is impractical—their complexity 
requires computational equipment 
exceeding permissible weight limits. 
However, it is possible to instrument 
and solve in flight a set of “calibra- 
tion” equations that approximate 
the exact gunnery prediction prob- 
lem with sufficient accuracy. Figure 
4 shows the type of information 
needed and the procedure for deter- 
mining the calibration equations in 
the form of hardware specifications. 
The complexity of the exact equa- 
tions and the relatively large number 
of solutions require a high-speed 
digital computer. This computer 
solves the exact equations over the 
complete range of operational possi- 
bilities and produces numerical in- 
formation that can be interpreted 
as families of nonlinear curves. The 
possible forms of the calibration 


FIG. 1. The airborne fire-control computer te- 
ceives tracking and ranging information about 
the target aircraft from a closed-loop radar an- 
tenna system. This information, along with flight 
data and turret-direction information, is used to 
develop prediction-angle signals for two turret 
gimbal axes, azimuth and elevation. The block 
diagram for one axis only is shown here. 


Lead correction 
Ballistics correction 
Total prediction 





FIG. 2. Gunnery-fire control requires the 
solution of a space geometry problem. 
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FIG. 3. This block diagram shows 
how the prediction angle is com- 
puted as two separate components, 
and indicates the input data and the 
subcomputations involved. 


equations are then determinable 
from the examination of the exact 
solution. The adequacy of the cali- 
bration equations may readily be 
assessed by finding the difference 
between solutions of exact equations 
and calibration equations. 

Until recently, the forms of the 
calibration equations and the func- 
tions of the variables were deter- 
mined graphically. This meant ex- 
tensive, cumbersome, and inaccurate 
data plotting and curve fitting. 
These limitations have now been 
eliminated by the high-speed digital 
computer, which this time provides 
highly precise numerical correlation 
and curve-fitting procedures. 

The fire-control computer itself 
is usually analog in nature. Analog 
computers operate fast enough to 
meet combat gunnery requirements 
of high-speed aircraft, and their so- 
lutions are continuous and on-line. 
Furthermore, they meet the low- 
weight requirements. 


Computer design 


Fire-control computers are spe- 
cial-purpose units designed to mili- 
tary specifications. They differ from 
general-purpose computers in sev- 
eral important respects. One is that 
their typical problem is primarily 
the solution of algebraic and tran- 
scendental rather than differential 
equations. The differential opera- 
tions that do occur are normally 
solved by the input transducers; 
e. g., gyros inherently perform time 
differentiation or integration of an- 
gular inputs to the computer. An- 
other difference is that fire-control 
computers generally represent inter- 


nal variables as ac rather than dc 
voltages. The attendant advantages 
over de voltages are freedom from 
drift and gain stability. 

In the special-purpose airborne 
fire control computer the main com- 
puting components are: 

P carrier-type operational ampli- 
fiers that, with resistive mixing 
networks, add, subtract, and multi- 
ply by a constant 

P instrument servos that, when 
used with nonlinear potentiometers, 
multiply and generate a wide variety 
of arbitrary functions 

P electromagnetic resolvers that 
perform vector resolution and com- 
ponent transformation 

Figure 5 shows the mechanization 
in an airborne fire-control computer 
of a typical trigonometric equation: 
Ue=Va?+Vs?—2VuV 2 cos AZ cos EL 
using operational amplifiers, servos, 
and resolvers. 

Computing-control of airborne 


gunnery systems represents a “‘ma- 
ture” application of computers to 


process control. Indeed, it has com- 
mon origins with the very concept 
of computational control. As such, 
it may be indicative of the normal 
development of such systems. 

Two trends continue to charac- 
terize fire-control systems: 

1. Any solution to a fire-control 
problem is ultimately obsoleted by 
technological advances in the air- 
craft and armament (the process) 
under control. 

2. The necessity for frequent re- 
vision of fire-contro] systems, to be 
compatible with new _higher-flying 
and faster-operating aircraft, calls for 
more efficient methods of designing 
these systems. Ground-based gen- 
eral-purpose digital computers, ca- 
pable of rapidly solving a_ great 
number of repetitive problems and 
vielding families of curves, must 
thus support the airborne analog 
computer in evolving a new design. 
This approach also allows increas- 
ingly detailed calculation of cali- 
brating equations to more accu- 
rately match the exact equations. 


FIG. 5. Most equations solved in the analog computer are 
algebraic rather than differential. Shown here is an equation 
that uses for its solution operational amplifiers, resolvers, 


function generators, and instrument servos. 


FIG. 4. Development of an airborne analog fire-control com- 
puter involves many steps before actual hardware specification. 





Computing-Control Applied to a 


TAPERED-SHEET LEVELER 


Dornbusch uses a group of operational-amplifier integrators, in conjunc- 
tion with amplidynes, relays, and motors, to automatically compute linear 
taper signals and position the leveler’s work rolls. Reference signals fed 
into the computing integrators tilt the rolls before starting the leveling 
operation, thus assuring that all rolls are in the correct relative position for 
leveling or straightening the previously tapered aluminum sheet. 


PAUL E. DORNBUSCH 
Industry Control Dept., 
General Electric Co. 


The leveling of longitudinally- 
tapered aluminum sheets offers an- 
other opportunity for computing- 
control. For certain uses aluminum 
sheet is rolled with a tapered rather 
than flat cross-section. The taper- 
ing is done by the hot rolling mill, 
but the tapered product is badly 
shaped and requires a leveling op- 
eration. 

Figure 1 shows the schematic of 
leveling process and Figure 2 the 
control system. The feed stock, of 
tapered cross-section but bent and 





FIG. 1. Leveling mil! for tapered aluminum sheet 


wrinkled from previous rolling and 
handling operations, moves through 
the leveler driven by the bottom 
rolls. As the sheet progresses it is 
is flexed by the work rolls to 
straighten out the bends and 
wrinkles. Since the rolling machine 
produces linearly-tapered sheet, the 
vertical distance between the top 
rolls and their associated bottom 
rolls must increase as the sheet 
moves through the machine. 

The amount of thickness-increase 
per foot of sheet travel is the taper. 
Forward travel of the sheet is rela- 
tively easy to measure, but direct 
instantaneous measurement of sheet 
thickness is not practical because of 
the physical condition of the un- 


straightened sheet as it approaches 
the leveler. Changes in thickness 
as the sheet moves can be calculated 
indirectly and this measurement 
used to contro] the rate at which the 
pinch and work rolls move to main- 
tain desired linear taper. 

Speed of sheet travel (ft/sec) 
multiplied by the cross-section taper 
(in./ft) equals the rate of change of 
thickness (in./sec This quantity 
integrated with respect to time be 
comes actual thickness change. 


Pinch roll screwdown 


Essentially a computing-control 
system like the one in Figure 2 car- 
ries out the foregoing calculation 
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Screwdown. motor speed 


Integrator output volts 


“|__| | Second 


FIG. 


integrator output error 


Screwdown 


tach 


FIG. 2. Positioning 


for pinch roll 


system 
screwdown 


records ot 
(top) and 


3. Simultaneous 


screwdown motor speed (bottom 


show 





VY 


Rated motor rpm 


and integration for each work roll 
in Figure 1. Figure 2 is the block 
diagram of the position-control sys 
tem for a pinch roll  screwdown 
stand. A tachometer-generator cou 
pled to the leveler drive motor pro- 
vides a voltage signal proportional to 
the forward rate of sheet travel. 
‘rom the specifications of the piod- 
uct the operator selects a portion of 
this voltage (taper adjustment) as 
the input reference to an operational 
amplifier hooked up as an integrator. 
The taper adjustment is calibrated 
directly in mils/ft, so that a taper 
of 30 mils/ft requires a setting of 
30. This taper signal, C in Figure 
2, can be represented mathematically 
as: 
K,V,=d (thickness) /di 
A similar equation arises from the 
signal B fed back to the integrator 
from the screwdown tachometer: 
K2V,=d (roll opening) /dt 

The integral of either of these equa- 
tions represents a thickness, and in 
the arrangement shown in Figure 2 
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LS 


the difference between the two in 
tegrals is a thickness error. ‘Thus: 


S Ki Vidt— Sf K2V-dt 


(his error voltage, amplified by the 
electronic amplidyne and the gen 
erator, changes the vertical position 
of the roll at a rate to maintain 
minimum thickness error, ideally 
zero Since the closed-loop 
control system maintains minimum 
error, the computes and 
forces the screwdown roll to open 
at a rate determined by the taper 
preselected by the operator. 


thickness error 


error. 


system 


Work roll screwdown 


[he vertical rate at which the 
entry and pinch rolls retract with 
forward motion of the sheet is fairly 
critical and a continuous position- 
ing system is used. However, the 
position of work rolls is less critical 
and the positioning scheme is 
simpler. An _ integrator computes 
thickness error as described _previ- 
ously, but correction does not occur 


the work rolls. 


the step-wise correction for 
These records were 


taken at a forward speed of 15 ft 
min and a taper of 15 mils/ft 


until the error exceeds a preset valuc 
E: 
SKiVi-SK2V2>'|E| for correction 


[he correction occurs stepwise. 
lhe error voltage accumulates on 
the integrator until it becomes 
large enough to operate a voltage 
sensitive relay. ‘The relay operates 
a screwdown motor-starter and then 
the motor. A tachometer-generator 
on the motor feeds back a signal op 
posing the reference signal and re 
duces E until the voltage relay con- 
tacts open to shut off the screwdown 
motor. Figure 3 shows the inte- 
grator output E slowly increasing 
(in a negative direction) as strip 
thickness increases. The lower curve 
is a simultaneous record of screw- 
down motor speed as obtained from 
the screwdown tachometer. Note 
that when the computed output (the 
error) is between zero and about 
minus 11 volts the screwdown motor 
is not running and the work roll 
position remains constant. But 
when the output error exceeds the 





dead zone of 11 volts the motor 
operates and the work roll is reposi- 
tioned in a direction to reduce the 
error, and when the error returns 
within the dead zone the motor 
shuts off and coasts to zero speed. 


Tilt computing 


In this computing-control system, 
the average rate of movement of all 
tolls is equal. Suppose a line con- 
necting the centers of all top rolls 
were parallel to the horizontal bot- 
tom rolls. As the sheet is fed for- 
ward the entry: pinch roll would 
move upward in accordance with 
the taper requirements. When the 
leading edge reaches the first work 
roll the roll would clear the sheet 
because the vertical distance of all 
rolls has opened up an equal amount 
in accordance with the taper signal. 
The clearance at successive stands 
would become greater as the sheet 
advances. All the work of leveling 
would be done by the entry pinch 
roll, and production would be highly 
unsatisfactory, if not impossible. 

For all seven rolls to share the 
work, the top rolls must be so dis- 
placed vertically that a line drawn 
through their centers makes an angle, 
equal to the desired taper, with the 
horizontal bottom work rolls. 

Before the sheet enters each roll 
should be lowered an amount pro- 
portional to the horizontal distance 
from that roll to the entry pinch 
roll. ‘'o accomplish this, the oper- 
ator’s selector switch applies to each 
screwdown electronic integrator a 
preset voltage signal proportional to 
its horizontal distance. All rolls then 
move at a rate proportional to their 
individual voltage signal, and the 
result is that the line pivots about 
the reference point (entry pinch roll 
position) at a constant rate and the 
rolls stay in line. To show the 
amount of tilt, the selector switch 
also applies a reference signal to an 
eighth integrator, whose output is 
a measure of total tilt as indicated 
on a voltmeter calibrated in mils/ft. 

Figure 4, a simplified schematic of 
the complete system, shows seven 
control loops with seven computing 
integrators for the seven work rolls, 
and the eighth integrator for tilt 
indication. At mill start-up, the 
leveler taper voltage is zero. The 
tilt is set in before the sheet is 
entered. When the sheet is entered 
into the rolling mill the leveler 
reference signal, proportional to de- 
sired taper, feeds into the integrators 
and the integrator output errors 
cause all screwdown roll top rolls 
to move vertically at the prescribed 
mils/ft taper. 
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Reference(Tilt selector ) 
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Feedback(Screwdown tach) 
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Feedback (Screwdown tach) 


Common 


* 5 Work roll 
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FIG, 4. Simplified schematic of the complete analog com- 
puting system for seven rolling stands and the tilt indicator. 
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Computing-Control Applied to a 


FRACTIONATING COLUMN 


Engel develops equations for the fractionation process which when 
solved repeatedly yield an appropriate feed tray, an economical reflux 
rate, and the amount of heat input for a column top-product of specified 
composition. He describes the program of a digital computer designed to 
carry out the calculations and to indicate the results on a display board. 
Initially, the system will have a human operator reading the information 
on the board and manually adjusting process conditions. But operating 
experience is expected to result in a closed loop incorporating the com- 
puter, time-shared with several fractionators. 


HOWARD L. ENGEL 
Computer Systems Div., 
The Ramo-Wooldridge Corp. 


Distillation is the process of boil- 
ing off a vapor component from a 
multicomponent liquid and then 
recondensing the vapor by cooling. 
A mixture of two or more liquids can 
be separated by multiple distilla- 
tion, in which the condensate from 
the first distillation becomes the raw 
material for the second. This may be 
done with several simple stills or 
with an equivalent single unit known 
as a fractionating column. Inside 
the column may be a number of 
bubble-cap plates which bring the 
liquid and vapor into contact so that 
the necessary mass transfer occurs. 
Each plate, in effect a simple still, 
acts as the condenser for the vapor 
from the plate below and as the 
source of vapor to the space above. 

In the continuous fractionating 
column, the feed material enters at 
any one of a number of trays in the 
middle portion of the column. One 
product is removed from the top of 
the column and another from the 
bottom, and other products may be 
removed at intermediate points. One 
control objective is production of a 
top product of a desired composi- 
tion. This will be the objective as- 
signed to the computer-controller. 
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(Another objective could be the 
maximizing of dollar value of frac- 
tionation products.) The actual com- 
putations required for column con- 
trol can be expressed simply, but 
they are tedious to perform manu- 
ally. Consequently, such control is 
an excellent application for an indus- 
trial control-computer. 


Column operation 


The operation of the column de- 
pends on: 
P relative vapor pressures of the ma 
terials involved 
> tray number at which the feed ma- 
terial enters 
P composition and feed rate of the 
feed material 
P desired composition of the prod- 
uct or products 
> distillation efhciency of the plates 
(trays), and 
P latent heat of vaporization of the 
feed material 
Operation is complicated because 
the effectiveness of distillation de- 
pends on the rate at which the prod- 
uct is removed from the top. To ob- 
tain a larger fraction of higher-vapor- 
pressure material at the top it is 
necessary to recondense a portion of 
the top vapor and feed it back into 
the top of the column as a liquid. 
There are then two flows in the col- 
umn: enriched vapors flowing up- 


ward and a liquid traveling down- 
ward. 

Figure 1 shows two bubble plates 
in a column cross-section. The vapor 
traveling upward forces its way 
through the bubble-cap and is ab- 
sorbed in and adds volume to the 
liquid on the plate. Liquid is also 
added on the plate by overflow from 
the plate above. Some evaporates to 
the space above and some overflows 
the weir to the plate below. 


Separating a binary mixture 


In a mixture of two liquids (that 
mix without complicating effects 
such as chemical combination or 
molecular association) the partial 
pressure of any component equals 
the vapor pressure of that compon- 
ent in the pure state times its mol 
fraction in the liquid mixture 
(Raoult’s law). If a mixture of two 
liquids is placed in a closed con- 
tainer with a space above for con- 
taining vapors the total pressure 
equals the sum of the partial pres- 
sures of the components present 
(Dalton’s law). 

When the liquid consists of two 
materials, a and b, in the fractions 
x, and x, with vapor pressures P, and 
P,, then from Raoult’s law the par- 
tial pressure of a and b are: 

Da= Peta (la) 
Po=P rx, (1b) 








FIG. 1. 





FIG. 


2. The McCabe-Thiele diagram 


indicates the composition at each tray. 


Cross-section view of a fractionating column 


showing liquid flowing downward, vapor flowing upward. 


Now, let y. and y, be the vapor frac 
tions in equilibrium with the liquid 


Then, from Dalton’s law: 
Pa =Ya(PatPo) (2a) 
Pb =Ya(PatPo) (2b 
Also, the total of mol fractions of 
vapor components is unity, and the 
total of the mol fractions of liquid 
iS unity, or: 
Ieatr,=1 (3a 
Yatyo=1 (3b 

Letting a be P,/P., the vapor-pres- 
sure ratio of two components in the 
feed material, the above six equa- 
tions leads to: 

; ar, 

Yb: isan (4) 
which shows the equilibrium _rela- 
tionship between composition of 
vapor b and the liquid b. The heavy 
line in Figure 2 describes the condi- 
tion when a = 1.5. Material b is 
selected here as the top product to 
be distilled. An expression similar to 
Equation 4 can be found for the 
bottom product, material a. 

If no material is removed and the 
column is allowed to come to equi- 
librium, then the liquid on each 
plate and the vapor above it are re- 
lated in composition by Equation +. 
Furthermore, the liquid on each 
plate and the vapor below it have 
identical composition. The change 
in composition from plate to plate 
along the column may be determined 


graphically by referring back to Fig 
ure 2. Here a 45-deg line aids the 
graphical construction. The feed com- 
position and the vapor in equilibrium 
with it on the feed tray are indi- 
cated by a vertical line AB. Sincc 
this vapor has the same composition 
as the liquid above it, the liquid 
composition can be determined by 
drawing a horizontal line from B 
until the line intersects the 45-<deg 
line at C. The vapor above this sec- 
ond plate now has the composition 
indicated by D and the vapor above 
the next plate has the composition 
F. Thus, the liquid and vapor com- 
positions at various plates above and 
below the feed plate may be de- 
termined by a graphical technique. 

On the other hand these answers 
can also be found by simple numeri- 
cal methods. Letting x, be the frac- 
tion of material b at plate n, the frac- 
tion of material b at plate n -- 1 (one 
plate below n) can be determined 
from a modification of Equation 4 


Yn-1 In 


La-1>= = 
: a—(a—l)ynr a—(a—l1)z, 


(4a) 
This equation may be solved re- 
peatedly to find the composition at 
any plate. 

The situation just described exists 
only when no material is being re- 
moved from the column. To deter- 
mine the corresponding equations 
when material is being removed, it is 


necessary to perform a mass balance 
under steady-state ynditions. This 
assures that the amount of material 
in any portion of the column neither 
increases or decreases. Consider the 
plates above the fee plate the col- 
umn portion shown in Figure 3. An 
amount of distillate (top product) 
D is being removed. An amount of 
vapor V enters this portion of the 
column from below and an amount 
of liquid L leaves this portion to 
flow down the column. Thus, the 
steady-state mass balance is 
V=L+D 
Now, not only the total mass flow, 
but also the mass flow for each com 
ponent in the liquid, must be bal 
anced. Between plates n and n-] the 
amount of material b flowing up 
ward in vapor form is Vy, -, and the 
amount of material b flowing down 
ward in the liquid is Lx,. Further- 
more, the amount of b leaving the 
column at the top is Dx», where xp 
is the fraction of material b in the 
distillate. Since in the steady state 
there is no change in material b in 
any portion of the column, 
Vyn-1 =La,+ Drop (6 
Solving Equation 5 and 6 simui 
taneously leads to 


rp+Ra 
l T R 
where R is the reflux ratio L/D 
A similar analysis must be per- 
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formed for plates below the feed 
tray. The liquid flowing down, now 
called S, is equal in quantity to re- 
flux L entering the top plus the feed 
material F, or 
S=L+F (8) 

Below the feed tray, the mass bal- 
ance (for material b) is: 

Vyn—1 =S2n+ Drv (9) 
Solving for y,-. yields: 

Yo tate —Qe (10) 
where Q is the ratio F/D and z is 
the fraction of materia! b in the feed. 

The function of the fractionating 
column is to produce a specified mol 
fraction of vapor y, at the top tray 
which then condenses to distillate D 
of desired purity x». The function of 
a computer-controller is to vary op- 
erating conditions in the column to 
assure that the specifications are met. 

Starting at the top of the column, 
repeated solutions of Equations 7 
and 10 yield the liquid fraction x, 








FIG. 3. Under steady-state conditions the 
mass of the vapor equals the sum of the 
distillate and liquid. 


at each tray down the column. The 
solutions must be carried out in con- 
junction with a rule governing the 
equilibrium of a liquid and a vapor 
(for many mixtures the rule is given 
by Equation 4), and with a state- 
ment of suitable boundary condi- 
tions. 

Solving Equations 7 and 10 re- 
quires explicit statement of reflux 
ratio R and feed-to-distillate ratio O, 
factors which cannot be determined 
directly. This means that trial values 
of R and OQ must be assumed and 
the equations solved repeatedly, by 
trial and error, until the assumed 
values equal the calculated values. 
The numerous calculations soon be- 
come tedious if done manually. 

Solving the equations by means of 
the calculus of finite difference can 
reduce the amount of manual com- 
putation, but even this refinement is 
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hardly worth the trouble in compari- 
son with the time-saving possible 
with a digital computer-controller. 
The equations take the form shown 
by Equations 7 and 10, and are pro- 
grammed in the way to be described 
in the next section, which covers the 
overall control problem for a frac- 
tionating column. 


Computer program 


Suppose a column has 60 trays, 
of which trays 20, 25, 30, 35, 40, 
and 45 may be used as feed trays. 
The maximum allowable reflux ratio 
is specified for reasons of economy. 
Also known are feed rate and com- 
position, vapor-pressure ratio of two 
components in the feed, heat of 
vaporization of the feed liquid, and 
column efficiency when distilling the 
particular feed liquid. 

The desired distillate composition 
is specified. To meet this specifica- 
tion the computing-controller must 
first determine and then control: 
> the tray to be used as the feed tray 
> the reflux rate, and 
> the rate of heat input 

Starting at the top of the column 
(x, = Xp and n = 60e, where e is 
tray efficiency) the computer solves 
Equation 4a for x,. in terms of x, 
for each tray down the column, re- 
peating the calculations until a tray 
is reached that is leaner in material 
b than is the feed material. This tray 
must be at least 3 percent leaner to 
provide an operating margin that 
will permit some small reflux ratio. 
The computed tray number must be 
divided by tray efficiency to find the 
actual tray at which the 0.03 leaner 
mixture occurs. The feed enters at 
the first feed tray below this point. 

(The total computer program, a 
portion of which has been discussed 
so far, is shown in Figure 4. It may 
be fruitful at this point to review this 
flow diagram of the computer pro- 
gram to get a concise picture of what 
steps are carried out by the computer 
in controlling a fractionating col- 
umn.) 

After the feed tray has been es- 
tablished, a trial-and-error or other 
iterative method determines the te- 
flux ratio that will result in the com- 
position at the feed tray being exact- 
ly the feed composition needed to 
yield the exact desired top-product 
composition. In any of these me- 
thods, a value is assumed for R and 
Equation 7 is applied repeatedly, 
starting at the top of the column 
(tray 60) and working down to the 
actual feed tray. In general, on the 
first attempt it will be found that 
the calculated composition on the 
feed tray is not the same as feed 


composition. It is necessary for the 
computer to choose a modified trial 
reflux ratio and repeat the calcula- 
tion until the necessary conditions 
are met. This procedure yields the 
value of R to be used in the solution 
of Equations 7 and 10 for yy... 

But QO, the feed-to-distillate ratio 
in Equation 10, still needs to be de- 
termined. A trial value of O is as- 
sumed and Equation 10 solved tray 
by tray until the bottom of the col- 
umn is reached. The calculated bot 
tom composition x, must be the 
same as that determined from a mass 
balance for material b for the whole 
column. This condition is: 


(F —D)x;+Dxrp=Fz (11) 
and results in the equation: 
Q=(r#p—2;)/(@—2y) (12) 


If O found from Equation 12 is not 
the same as the assumed QO, then a 
new value is tried until the two are 
equal or the difference between the 
new value of O and the old value is 
negligibly small. 

Once the correct value of O is 
known, the top-product rate D may 
easily be computed from O = F/D. 
Heat input can be computed from 
the top-product rate and the heat of 
vaporization of the feed material. 

Figure 4 maps out the computer 
program and also shows some con- 
tingencies not outlined in the pre- 
ceding paragraphs: 
> it may not be possible for the col- 
umn to make the desired product 
from the specified feed material. 

P the reflux ratio may be econom- 
ically unfeasible 


Multicomponent feeds 


The calculations for controlling a 
fractionating column that separates 
a binary mixture, then, are involved 
and extensive, but as can be seen, a 
computer performs them rapidly and 
automatically. The calculations for a 
multicomponent mixture are similar, 
but even more involved than for a 
binary mixture. Consider, for exam- 
ple, the case of a three-component 
mixture. Instead of a plane curve 
such as Figure 2 to describe the equi- 
librium relationship between the 
liquid and the vapor, two three-di- 
mensional plots, Figure 5, are neces- 
sary. To solve the fractionating con- 
trol problem numerically requires 
two sets of equations at each tray 
for two of the three components in 
the mixture. The number of calcu- 
lations goes up rapidly for each ad- 
ditional component in the feed 
liquid. The greater the number of 
calculations, the greater the justifi- 
cation for a computing-controller on 
the fractionating column. 





fractionating column 
Practical column control 


The foregoing analysis assumes 
steady-state conditions in the col- 
umn. This is a practical situation, 
since any disturbances affecting the 
column usually vary slowly with time 
and during the short computing in- 
terval the conditions would be es- 
sentially constant. A gradual reduc- 
tion in feed rate is one such slowly- 
varying disturbance. Another might 
be a gradual change in feed composi- 
tion. Short-duration rapid disturb 
ances will be corrected by the inher 
ent attenuation due to the large mass 
in the column and by the conven 
tional controllers installed for dy- 
namic stability. 

A major change in feed material! 
composition or a new specification 
for top product may occur. But this 
will be infrequent and when it does 
happen can be considered predict 
able. It can be accounted for by al- 
tering the computer program. 

The computer-<ontroller outlined 
above has been constructed for dem- 
onstration purposes and the selected 
feed tray, the reflux rate, and the 
rate of heat input are displayed on a 
simulator board. Because of its slowly 
varying disturbances, the initial ap 
plication of this computer-controller 
will probably be to instruct the op- 
erator in resetting conventional con 
trollers, using input data obtained by 
conventional means. To simplify op- 
eration the input data may be in 
serted in analog form just ahead of 
analog-to digital converters. The re- 
quired heat input, the selected feed 
tray, and the reflux rate would be 
read from the display panel by a hu- 
man operator, who then would con- 
trol the process accordingly. 

On-line continuous control can 
be obtained by connecting all meas 
uring instruments directly into the 
computer, which determines the op- 
erating conditions and sends signals 
to the feed tray selector, heat input, 
and reflux rate actuators. Composi 
tion measurement of the feed mix 
ture may be obtained, for instance, 
by measuring the infrared absorp- 
tion of a sample of the mixture. A 
flow meter determines feed rate. 

Even a relatively low-speed digital 
computer can perform in a few sec- 
onds the calculations necessary for 
controlling a binary fractionating col- 
umn. However, because of the slow 
disturbances, the calculations are 
done infrequently, and a_ large 
amount of computer time is not 
used. This time can be shared by a 
number of fractionating columns, 
with the computer program altered 
automatically for individual column FIG 5. Two three-dimensional curves are needed to graphically describe 
conditions and efficiency. the liquid-vapor equilibrium conditions of a three-component feed. 
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the basic laws of nature; by statistical 
correlation of operating records; by ex- 
ploring response surfaces from process 
tests, and by a matrix description of 
interaction between variables in multi- 
loop systems. 

But hand-in-hand with characterizing 
the process goes the need for a full 
understanding of the computing-control 
objective. This means being able to 
specify performance criteria and proc- 
ess disturbances from which the control 
functions and computer program can 
be determined. The authors discuss 
these points, too. 
Computers capable of digesting large 
quantities of information, calculating 
answers rapidly, and delivering signals 
to a process await service as controllers. 
The principal obstacle is the difficulty in 


a way that can make use of computer 
capabilities. 


CONTROL ENGINEERING 


Any control problem can be visualized in the form 
of Figure 1, which shows the generalized process, 
its controller, and the inputs and outputs associ- 
ated with the process and controller. ‘The problem 
is formulated by specifying: 

P outputs to be controlled or optimized, 

> inputs (disturbances) that upset the process, and 

> inputs to be used as controls. 

In addition, a criterion of acceptable static and 
dynamic performance must be stated. Specifications 
for inputs and outputs include their average values, 
expected ranges, danger (alarm) limits, wave form, 
and other individual characteristics. 

Process random upsets may be fast changes or 
slow drifts. ‘To maintain control, each random upset 
must have an equivalent combination of manipulated 
variables that has a compensating effect on process 
performance. 

The effect at the process output of some of these 
upsets can be anticipated by measuring the upset 
itself. In this sense upsets represent predictable 
error signals. ‘Those predictable upsets that cannot 
be removed by design or operating changes can be 
introduced in a feed-forward path as an anticipated 
compensation to other control action. Although 
feed-forward improves control, residual deviations in 
this open-loop compensation can be reduced only 
by feedback elsewhere in the system. 

Some upsets are not directly measurable but can 
be calculated from two or more primary variables. 
They are therefore also predictable. Catalyst activ- 
ity, for example, diminishes as a specific function 
of temperature, time, and total material converted. 
The calculated loss-in-activity signal compensates the 
system by establishing a new set of conditions. 

External inputs furnish operating criteria deter- 
mined by management and by natural physical limi- 
tations. The former include such interrelated oper- 
ating factors as the economics of competitive products 
that can be processed on the same equipment and 
the economic relationship between yield efficiency 
and productive capacity. Natural limitations are 
imposed by such external engineering data as maxi- 
mum allowable temperatures and pressures. Without 
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FIG. 1. Generalized process control diagram showing location of inputs and outputs The inputs and 
outputs here are given in terms of a chemical process; analogous situations may exist for other processes 


limitations on process conditions an optimizing con- 
troller seeking an optimum through whatever com- 
bination of variables it requires, might call for a 
dangerously-high speed or pressure, or a temperature 
that would degrade the product. Other external 
variables are interlock requirements and special pro- 
grammed operations (like automatic shutdown). 

Some properties of the product determine whether 
it will be salable at a competitive price. Other 
properties, internal to the process, are useful for 
operation. These are not necessarily measurable, 
but if needed for system control must be calculated 
from input data or from output measurements. Note, 
in Figure 1, that the effect of these variables may be 
delayed, as in the case of a laboratory analysis of 
the product. 

Measurements of state are those variables that 
describe the state of the process and particularly of 
the product. In general, measurements of state are 
limited by available instrumentation. Often one pri- 
mary measurement, like product composition, can 
preclude the use of several secondary measurements, 
like temperature and pressure, to provide the same or 
better control of product quality. 

Process controls, the handles on the process, are 


the manipulated inputs that compensate for upsets. 
Thus automatic valves and pumps change input flow 
rates to affect output. As far as an automatic system 
is concerned, a manually operated valve does not 
represent a controllable input unless, of course, a 
human operator supervises valve operation in response 
to process measurements. 

Output data indicate process performance. Some 
data used for direct control of the process may also 
be recorded on charts or data loggers. Other output 
data contain historical information, such as inventory 
figures and production rates, which—while useful—may 
never be used for direct control. 

Output data can also be records of operating and 
maintenance guides. Operating guides assist in the 
technical operation of the process; they may inform 
the operator when to recharge a catalyst bed or they 
may indicate process efficiency. Maintenance guides 
keep track of the severity of equipment usage and 
inform the process operator, for instance, when a pump 
requires preventive maintenance. 


Disturbances 


The only reason for a regulatory control system on 
a process is that the process is subject to uncontroll- 
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able and unpredictable disturbances that force it from 
the desired state. The control system brings the 
process back to the desired state. A designer of a 
control system must, therefore, understand the nature 
of possible disturbances. 

The duration of the disturbances, in relation to the 
response speed of the control system and the time 
constants of the process, must be considered. A 
rotor speed control on a_ turbojet, for instance, 
responds to disturbances within milliseconds, while 
a large distillation column takes many minutes. In 
any case, the frequency response of the process deter- 
mines the maximum frequency of disturbance that 
can be suppressed by a control system. 

An important factor in computing-control bearing 
on the relation between disturbance and process fre- 
quency response is the relative slowness of the com- 
puter, particularly if it is time-shared to control other 
processes. Because of this, the relative response speed 
between a computing-controller and the disturbances 
it corrects could well be in the same ratio as a con- 
ventional contro] and the disturbance it corrects. 


Performance 

Just as each process requires a unique arrangement 
of equipment and controls, so does it need a precise 
definition of expected performance. There are many 
ways to state performance criteria, such as percent 
overshoot, damping factor, integrated absolute error, 
and static accuracy. These enable the designer to 
place numerical values on performance and are useful 
in comparing several control settings or arrangements 
for the same process. But they do not necessarily 
mean much when comparing two different processes. 

Process limitations and requirements often play an 
important part in specifying process performance. This 
can be demonstrated by the response curves of three 
different processes subjected to a step-change disturb- 
ance, as shown in Figure 2. Figure 2A shows the tem- 
perature response of a batch formulation in which it 
is desirable to get up to operating temperature as soon 
as possible to minimize processing time. However, an 
overshoot of even 4 deg would ruin the batch. There- 
fore, a heavily-damped response is used. 

Figure 2B illustrates a case where it is imperative 
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to get the temperature of a polymer line up to operat- 
ing level as soon as possible to prevent the material 
from solidifying (freezing) and plugging the line. Here, 
the relatively large swings in temperature (little damp 
ing) are acceptable as long as the temperature never 
falls blow the freezing temperature after once reach 
ing it. Figure 2C shows the type of performance 
needed for a process in which the product becomes 
scrap whenever the temperature goes above or below 
an acceptable temperature zone. ‘The contro! system 
for this process must have only a moderate amount 
of damping. It allows the process to reach the operat 
ing zone at a moderately fast rate (to reduce the time 
during which scrap is produced), yet minimizes cycl- 
ing duration and amplitude during the rest of the 
processing time. 

The three responses in Figure 2 may well have the 
same numerical value of a performance criterion 
(integrated absolute error) and yet they must be quite 
different to meet individual process requirements. 

These performance characteristics refer only to 
single-variable control systems and they are therefore 
quite simple. In multivariable control several such 
responses must be evaluated at the same time, and 
statements and evaluations of performance become 
more complicated, particularly since each variable may 
have an effect on the others. 

The present thinking about computers for control 
limits them to supervisory or optimizing jobs only. 
Conventional instruments will still be used for some 
time to control individual loops, with the computing- 
controller periodically determining optimum set-points 
and adjusting conventional controllers. ‘This means 
that computer failure would only affect optimization, 
and would not result in complete plant shutdown. 
But it also means that a computing-controller must 
be reliable enough to operate continuously for weeks 
and months, with an occasional error—to be checked 
by the computer program discussed in a later section 
—but no catastrophic failure. When computing-con- 
trollers are used for direct control, the reliability 
requirements become more stringent. 

Also, computing-controllers can operate with shorter 
word lengths (fewer significant figures), because final 
control-signal accuracies are determined by basic 


FIG. 2. Performance criteria must be tailored to the needs of the process. 
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measurements and transmitters, and these usually 
have accuracies no better than 0.1 percent. Shorter 
word length means less computing equipment liable 
to failure. These characteristics considerably affect the 
design of the computer, and its program. 


THE CONTROL FUNCTION 


With the advent of complex processes, simple con- 
trol functions themselves became too complex for 
satisfactory performance. The progression in an actual 
plant from manually-controlled independent loops 
to optimized control demanded by improved produc- 
tivity could easily result in 50 or more major interact- 
ing control elements. Some attempt at optimization 
then presents a formibable task, even on slow processes 
having large hold-up capacities. And if the process 
is also designed to have minimum storage capacities 
to reduce capital investment, the control problem 
becomes even more complex. The need for a com 
pact methodical control system that can make logical 
decisions for each control element becomes apparent. 


Control and optimizing 


The control equations for a process relate the 
actions of the valves, pumps, servos, motors, and other 
final control elements to- the measured variables. 
They may take a variety of well-known forms: on-off, 
three-mode (proportional, reset, and rate); sampled- 
data; and programmed on-off (full on, full off, with 
a computed switching point). The equation form used 
depends on how much is known about the process to 
be controlled and a cost justification of mechanizing 
and implementing the form selected. 

Optimizing, essentially a super-control function, has 
many aspects exactly similar to ordinary control. Its 
purpose is to maintain certain variables at their best 
values—in spite of random disurbances—by calling for 
an appropriate combination of process conditions. 
Calling for the best values of variables immediatel; 
eliminates the possibility of maintaining variables at 
fixed set-points by feedback control: an optimum yield 
of 97 percent may be best for one set of conditions 
while 92 percent may be best for another. 


The computer program 


\t best a computing-controller of any appreciable 
size will be costly, complex, and require special main- 


tenance. But it becomes justified as more and morc 
functions are performed in addition to the basic ones 
of direct control and optimizing. ‘There may never 
be adequate justification based only on equipment 
or labor savings. Improved quality and increased 
production capacity help, but the real incentives will 
come through a sharp reduction in capital investment 
because of the possibility of controlling fast low hold 
up processes to make quality product, and through 
the ability to control lucrative processes not controll 
able by conventional means. 

Here are some functions that can be obtained b: 
using large-scale analog and digital equipment im 
conjunction with the best combination of measuring 
and analysis instruments: 
¢ Control 

Optimizing 

Logging of production and inventory information 

Computation of operating guides 

Computation of maintenance guides 

Complete alarm and interlock system 

Automatic start-up and shutdown 

Automatic production level changes 

Calculation of unmeasurable intermediate variables 

Automatic transfer function determination 

In addition to these specific services, the computer 

provides many program details for individual cases. 
Some examples are: 
© Gross error sensing—Since the solution to a con- 
trol-signal calculation is repeated many times each 
minute or second, a single large error can be sensed 
by the computer program itself. Any change in a 
variable exceeding a given level may be automaticall; 
rejected and a reasonable average substituted. 
> Averaging—It is often necessary and desirable to 
average measurements before they are used for guid- 
ance or control. 
> ‘Time sharing—to make economic use of a comput- 
ing-controller, a time-sharing arrangement may b¢ 
needed. Measurements, calculations, or even several 
complete processes may be handled intermittently by 
time-sharing. 
Special programs—Many special problems can be 
solved by the computer program. For instance, when 
a valve goes to a limit and thus loses control, the 
computer can search for alternative ways to maintain 
control and can alarm if no alternative exists. 


CHARACTERIZING THE PROCESS 


No short-cut method exists for obtaining the process 
equations required for a computing-controller’s pro- 
gram. A number of approaches have been developed, 
and a combination of several may be used, that bal- 
ances theoretical, empirical, and experimental methods 
to obtain the best answer consistent with the economic 
justification and process information available. The 
following methods have been successful: 
> The analytical approach 
> Exploration of response surfaces 
> Linear multivariable systems 
> Statistical correlation 


THE ANALYTICAL APPROACH 
This is the best method, if it is possible and 


economical. A complete set of basic differential 
equations describes the system and characterizes static 
and dynamic performance at the same time. Only 
the system parameter values, to provide equation 
constants and boundary conditions, need be deter 
mined by experiment. 

The difficulty of solving equations for many 
processes effectively discourages a complete hand cal 
culation. Interactions, nonlinearities, and discontinui 
ties set up a maze of computational difficulties, mak- 
ing manual manipulation of equations uneconomical 
if not impossible. Digital and analog computers, how 
ever, have made the job relatively straightforward, 
leaving characterization of the process in terms of its 
basic descriptive equations as the only stumbling 
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block. It is true, of course, that many processes ar 
simply not understood, but there are still a great 
many that can be readily characterized by: 

e The law of conservation of energy 

¢ The law of conservation of matter 

¢ The concepts of driving force and impedance 

These laws are commonly known as energy balance, 
material balance, and equations of flow, heat transfer, 
etc. ‘The approach stressed here is the simultaneous 
application of all the laws required by the problem, 
together with nonlinearities and discontinuities, no 
matter how complicated the set of equations becomes. 
It is the computer’s task, whether in the design of 
a system or in its ultimate control, to handle these 
relationships which as a group cannot be compre- 
hended or manipulated by a human being. 

The application of these laws can be illustrated by 
a pipe-line reactor process, Figure 3. The big ad- 
vantages of this type of process are its small capital 
investment, and high production with adequate 
quality. ‘The control problem is formulated: 
Process description 
1. Material A is added to an excess of material B in 

a mixing nozzle to yield product C, by-product D, 
and heat. 

Three zones provide: heat to start the reaction 
Zone I, cooling to control reaction rate Zone II, 
and cooling to suppress by-product formation Zone 
Ill. 

Random process upsets: activity of material A; 
heat losses. 

Predictable upsets: changes in production rate. 
External inputs: production rate; cost of separating 
excess B; value of product and by-product. 
Product and process properties (not directly meas- 
urable): location and magnitude of hot-spot; mole- 
cular weight of final product. 

Measurement of state: pipe-line temperatures; by- 
product in effluent. 

Process controls: flow of A; flow of B; heat to 
Zone I; cooling to Zones II and III. 

Output data: continuous yield; by-product forma- 
tion rates; cumulative production rates; exit com- 
position by computation. 

Basic data available: all physical constants and 
geometry, including the chemical kinetic coefficients 
for both the direct reaction and the side reaction. 

The purpose of the analysis would be to determine: 

(1) Control equations to provide signals to the 
valves controlling reactant A, reactant B, preheat to 
Zone I, cooling to Zones II and III. 

(2) Optimizing equations to achieve overall 
process efficiency independent of disturbances or 
production rate. 

(3) Auxiliary calculations required for process 
accounting and operating guides. 

Process model 

The first step is to set up an analytical model of 
the process. The important factors are the tempera 
ture and composition gradients down the reaction 
pipe, the reaction system dynamics, and heating-cool- 
ing system dynamics. All these factors are included in 
a set of partial differential equations, with time and 
distance along the pipe being the independent vari- 
ables. It is customary to divide the spatial variable 


CONTROL ENGINEERING 


into finite differences to convert these equations to 
ordinary differential equations. ‘The pipe is there 
fore divided into sections along its length and within 
cach section all parameters and variables are assumed 
constant. An adequate number of sections for a pat 
ticular problem depends on the steepness of th 
gradients. Experience indicates that in many cases 
a very few sections are adequate (between four and 
ten). The basic laws of heat transfer, mass transfer, 
and chemical kinetics may be applied for each section, 
Figure 4. 


WALL (axial symmetry assumed) 


Heat balance 
Heat rate in — heat rate out 
tion 


rate of heat accumula 


at. 
dt 
Q, =to be defined by control function, Btu/min 
Q, =K(T.—T.), Btu/min 
Q. =K(T»w—T.), Btu/min 
Q.» =1/Rr(T—T.), Btu/min 
K overall heat transfer coefficient 
centers, Btu/min-deg F 
T =temperatures of wall sections and liquid, deg I 
Rr =heat transfer film coefficient at wall, deg F/Btu 
C. =heat capacity of total section wall, Btu/deg F 
t =time, min. 


LIQUID (axial symmetry assumed) 
Heat balance 


Heat rate in — heat rate out 
rate of heat accumulation 


0.4+-0:4+0.—-Q=C. 


« 


between section 


heat of reaction 


We,(T:—T.) —We,(T — To) —QvtQr=Ci 

Ww = total liquid flow, lb/min 

C; =average specific heat, Btu/Ib-deg F 

re =reference temperature (disappears from equation 

Qr =h.R.+haRa, Btu/min 

h.. a =heats of reaction A->C and C->D, Btu/lb 

C; =heat capacity of total section liquid, Btu /deg F 

R., Ra=reaction rates of formation C and D, |b/min 
{both are f(T] 


Material balances 


Rate A in rate A — rate A reacted rate A 


dA 


WA,—WA—Rk,R.=Cmu di 


Rate C in 


reacted 


rate C out + rate C formed 
rate C accumulated. 


WC,—WC+R,.—k:Ra=C 


Rate D in — rate D out + rate D formed 
accumulated. 


rate D 


WD,-WD+Re=Cu (5) 
dt 
A, C, D=fractional concentrations of materials A, C, and D 
k,=constant relating reaction of A to formation of C 
(product) 
ke =constant relating reaction of C to formation of D 
(by-product) 
Cm =total material hold-up in the section, lb 
R,= K,Ae~™¢'T, lb/min =reaction rate of C 
Ra= KaC'%e-“ 4/7, lb/min 
K.,a=reaction constants, lb//min 


Note: e™’” is a reaction rate of the Arrhenius form. 
Others may be encountered. 





ANALYZING A 
PIPE-LINE REACTION 


FIG. 3. A pipe-line chemical 
reaction is one of the newer 
processes that needs com- 
puting-control to handle its 
complex relationships. 


FIG. 4. The first step in the com- 
puting-control of many processes 
is to separate the process into 
finite sections, analyze each sec- 
tion from basic laws of nature, 
and program the mathematical 
representation into an electronic 
simulator. Control information 
gleaned from the simulation 
study determines how much of 
the complete model must be re- 
produced in the computing-con- 
troller. 


Equations 1 through 5 represent the complete 
dynamic behavior within each section so long as there 
is ideal mixing. Deviations from ideal can be handled 
empirically. ‘The values of all constants are deter- 
mined from geometry, basic physical constants, and 
chemical kinetic data. These equations, one set for 
each section, are then programmed for solution on an 
electronic simulator, usually analog, with flow-sheet 
values for input composition, flow rates, temperatures, 
and external heat flow to or from each zone. All 
static gradients, as well as the dynamic response of 
the complete system to any combination of input, 
may be determined from the simulated model. The 
gradients will take a form such as shown in Figure 5. 

The simulated model permits investigation of vari- 
ous control schemes. According to basic data, the 
measurements that can be used are material flows, 
coolant- and heating-medium flows, temperatures any- 
where in the system, and concentration of by-product 
D in the effluent by continuous ultraviolet analysis. 


FIG. 5. Simulation § deter- 
mines static gradients of 
process variables along the 
length of the reactor sec- 
tion of the pipe. 


FIG. 6. With a complete math- 
ematical model, the simulated 
system can show the relation- 
ships between production rate 
and maximum temperature lo- 


cation and maximum temper- 


ature for optimum 


In the investigation of alternative controls, instrumen- 
tation dynamics must be included. 

It can be determined by simulation that all the 
proposed manipulated variables have an effect on all 
the process gradients; therefore, a multivariable con- 
troller in which the signal to each valve is computed 
from a combination of several measurements will be 
used to get more precise and faster control (see later 
section on linear multivariable systems). 

The basic objectives will be to sense the location 
and the magnitude of the temperature hot-spot and 
to control these variables by changing input com- 
position, preheat, and reaction-zone cooling. By- 
product concentration, as sensed after a sampling lag, 
will be used to control the Zone III cooling to minim- 
ize the side reaction. 

By the method described in “Computing-control 
Applied to a Sintering Process”, page 130, the con- 
tinuous location and magnitude of the hot spot may 
be computed from discrete thermocouple readings. 
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Completely rational means are now available to deter- 
mine (by multivariable theory) and test (by simula- 
tion) the control signals required for each process 
valve in terms of the process measurements. 
Presumably the control equations would be chosen 
to provide an optimum efficiency (or yield) under 
flow-sheet conditions. Operation at different rates 
would usually give a lower yield value. Having the 
complete mathematical model of the process and its 
control system, conditions different from standard 
can be tried on the simulation to find the relation, 
for example, between production rate (W |b/min 
throughput) and the location and magnitude of the 
hot-spot for maximum yield. The equations repre- 
senting these relationships (or the empirical curves) 
can then be used in the computing-controller to adjust 
the set-points of these two operating guides in accord- 
ance with throughput. Figure 6 shows the curves. 
The complete mathematical model of the process 
could be included in the computing-controller to allow 
calculation of production rates, yield, and other criteria 
of performance. This might make it easier to deduce 
hot-spot location and magnitude. Investigation of 
the simulation model will uncover many simplifica- 
tions relating measurable quantities to the desired 
production data. For example, a calculation of total 
heat generated, heat added, and heat taken away 
would give the total rate of materials C and D being 
formed. The analyzer measurement of concentration 
D and the flow measurement of throughput give the 
additional information for computing the rate of C 
formation alone. A further calculation gives yield. 


EXPLORATION OF STATIC RESPONSE SURFACES 


Often processes cannot be analyzed from basic laws 
—either the theoretical relationships between factors 
affecting a process are partly or completely unknown, 
or a basic analysis is less economical than other 
approaches. When a plant is already in existence 
and little process theory is available, an empirical 
approach may be best. The concepts described next 
are useful where steady-state relationships are desired 
for nonlinear systems. 

The present disadvantages of the approach lie in 
its inability to handle dynamics (further develop- 
ment now in progress may remove this shortcoming ) 
and in the lack of direct relationship between its 
empirically derived coefficients and the constants of 
physical process equipment. It involves both the 
design of efficient experiments and the statistical 
manipulation of experimental data. 

Consider a process that has some output function 
(response) like yield, which is defined by several 
variables (factors) like temperature, pressure, con- 
centration, etc. Mathematically, the response is: 


R=f(T, P,a----) 


The problem is to find empirically the exact rela- 
tionship between R and the variables and to find 


values of the variables that will optimize _ this 
response—if there is an optimum. Measurements on 
an operating process if properly taken can give such 
a relationship and such optimum values of variables. 
The usual procedure in investigating a process is as 
follows. All factors will be held constant except one, 
and that one will be manipulated to produce one 
maximum response. Next, a second factor will be 


CONTROL ENGINEERING 


varied alone, and so on until ranges of all pertinent 
factors have been covered, to produce the best max1 
mum yield. 

While quite 
method can lead to seriously wrong answers. 
is a better testing procedure to take its place: the 
methodical exploration of a response surface. 

Ihe concept of the response surface can be intro 
duced by a set of optimizing yield curves, Figure 

Here, if the pressure is held constant at P, the 
yield varies only with temperature T,, and a maximum 
exists at T,,. But the figure also shows that if pres 
sure is changed to a new constant value then a new 
maximum occurs at a different value of T,. (The 
values of the maxima could be different, although 
they are shown as the same here.) Thus, the 
optimum viekd becomes a function of P and T. 

A response function of two factors will in general 
form a contour like the rolling countryside. The prob 
lem is to find the location (conditions) of the moun 
tain peaks (optimum yields). 

Figure 8 shows typical yield contours that can be 
obtained by replotting the family of curves in Figure 

Now the axis representing yield is perpendicula: 
to the page and combinations of x, (temperature) and 
x. (pressure) that produce the same yield are con 
nected by a contour line. This is the type of system 
that is considered in the one-at-atime experiment and 
which tacitly assumes that df/dx, is independent of 
x, and df/dx. is independent of x,. Starting at any 
point P, x, is varied to maximize R and then x, 1s 
varied. This procedure is carried out repeatedly until 
the true maximum is reached. The number of trials 
needed to reach the true maximum increases rapidly 
when the contours are attenuated and diagonally 
oriented as shown in Figure 9. Attenuation and di- 
agonal orientation indicates interaction between vari 
ables. 

Figure 10 represents the case of a response function 
having a stationary ridge. Starting at P and changing x 
gives a true maximum at QO. But this set of condition 
is not the only one giving this maximum and opera 
tion at O’ might represent a cheaper and more con- 
venient process. 

The rising ridge shown in Figure 1] demonstrates 
the fallacy of the one-at-a-time method. Here, start 
ing at P and varying x, gives a maximum at O but 
variations in x, will not bring the process nearer to th¢ 
true maximum. However, in Figures 10 and 11] the 
true maximum can be obtained by varying both 
factors simultaneously and ascending diagonally up the 
slope. The fact that the true maximum can be 
achieved in this manner means that a more funda 
mental variable, such as W = x,-x, affects yield, 
Figure 12. (The reason for this is simple. Optima 
occur in nature as a function of specific physical fac- 
tors. But convenient measurements, not necessarily 
the same as those in natural relationships, are often 
chosen for process measurements. ) 

Systematic metheds have been developed for explor- 
ing systems of many factors with the least number 
of experiments. The procedure is complex, but the 
concept is not difficult. A two-step strategy is used: 

1. The contour is traversed experimentally by fol- 
lowing the path of steepest ascent Appropriate 
n-dimensional curves are statistically fitted to experi 
mental data to define the local slope 
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2. As the path approaches the peak where: 


i 


Or, O22 
a nonlinear curve is fitted to data in this region to 
get an approximate expression for the contour. 

The expressions obtained in this manner are the 
equations needed for optimizing a process. And they 
are the same (to a reasonable approximation) that 
would be obtained if it was possible to analyze the 
process. They lack only the dynamic factors for a 
stable control system that restores the operating point 
to optimum when a disturbance has driven it off. 
Stability information can in many instances be inferred 
from other process considerations. 

Although a theoretical understanding of the process 
mechanism is not essential to this basically empirical 
method, theoretical information can reduce the num- 
ber of constants to be evaluated. 


MULTIVARIABLE SYSTEMS 


This section describes a synthesis technique for 
characterizing multivariable linear systems. Algebraic 
and equivalent open-loop methods are used to effect 
stability and noninteraction. 

Figure 13 shows the common linear model of 
processes frequently used for single-loop control sys- 
tems. Box E includes the process itself, servos, and 
instruments—that is, all behavior from a manipulated 
variable x to a measured variable y. Variable Z rep- 
resents the behavior of output y when the manipul- 
ated variable is fixed. The actual disturbances and 
inputs do not necessarily enter the system at the 
point shown in Figure 13, but because of assumed 
linearity the model is quite general. 

The process of Figure 13 can be represented by: 

y=Z+ Een (1) 
For multivariable processes Equation 1 still holds, 
where E is now a matrix of operators and x, y, and Z 


are now column matrices of variables. The expanded 
form of Equation 1 is: 

Yp=Zjt+2iE jn re (2) 
which suggests a compact block diagram, Figure 14 
suitable for multivariable processes. Each operator 
E,, represents a process in which each manipulated 
variable separately affects every output. A compari- 
son of Equation 2 with Figure 14 shows that each 
E,, operates on the input in its column x,, and each y, 
is equal to the sum of the operational products in its 
row and its total effective disturbances Z,. 

The general multivariable system is shown in Figure 
15A. The controller matrix representation is similar 
to that of the process matrix. The measured variables 
y are its inputs, the manipulated variables x are its 
outputs, and the errors e are the system variables of 
interest on which performance criteria are placed. 
For generality, the error variables are shown gener- 
ated in Figure 15B by a matrix H and disturbances 
W in a manner similar to the generations of y. These 
errors may include the variables being controlled (ot 
related variables), other system variables to be limited 
or constrained, and variables being constrained to 
account for nonlinearities. Controller action C, for 
which the measured variables are chosen as inputs, 
minimizes or constrains these errors. 
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Specification of controller C involves a choice only 
among those modes which stabilize the closed loop 
of Figure 15A. This step is simplified by the use 
of an equivalent open-loop system, Figure 16. It can 
be shown that if: 

C=F(1+EF) (3) 


there is a one-to-one correspondence between the sys- 
tems of Figures 15 and 16. Furthermore, the criteria 
of stability of the closed-loop system is merely that 
each F,, be a stable structure. Thus, the system can 
be more easily designed in terms of Figure 16, with 
the proviso only that each F;, be stable. The con- 
troller C is then determined by Equation 3. 

The equivalent open-loop concept allows free choice 
of a stable control mode. The responses of pertinent 
system variables are: 

=W+(HF) «Z (4a) 
y=(1+EF) «Z (4b) 


The responses are determined by the operators HF 
and EF, which are limited only by the conditions 
that all elements of F be stable. For example, if E 
is a square matrix, R = —EF, then: 
F=—E“R = a stable structure (5a 
C=—-—E“R(1-—R) (5b 


Any response R can be chosen which satisfies 
Equation 5a. The basic limitation on the response 
arises from the nonminimum-phase nature of the 
determinant of E. 


Noninteraction 


Controlling more than one variable generally 
means an interaction among the variables controlled 
A new setting for one variable may cause, during th« 
transient state, changes in other variables. If thes: 
other variables are operating at or near a maximum 
point, the interaction may cause serious damage to 
the process. It would therefore be desirable that each 
new setting of a controlled variable effect only the 
variable being set, thus eliminating interaction 

Consider the following specification for noninte1 
action: any one error y, is to affect only its corres- 
ponding output variable. This is identical to saying 
that any one Z, is to affect only its corresponding 
variables y;. This condition leads to: 

(EF),;=(EC).;=0 for all vj (6 
If E is a square matrix then: 


Fiz Coz _ (Eas 


fe r all s 


Pi Ci; (EB) 5; 
which gives the required ratios between the elements 
of the jth column of C. The similar relations fot 
F indicates that these relations for C can be main 
tained in a stable system. The remaining element 
of C in its jth column is set by criteria on the re- 
sponse of y, to Z, and stability. These conditions 
are given by: 

F,; = —(E™),;R;; =a stable structure (8a) 


C.;= —(E),; ma for all s (Sb) 
a1 


lor complete noninteraction—separating the intet 
acting multi-loop system into isolated loops cach of 


which can be treated as a single-variable system 
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turbojet engine. Matrix E describes mathe 
matical model of the engine, while the inverse 
matrix E-1 is used to find the transfer func- 
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EF and EC are diagonal matrices and Equations 
and § hold for all j. Stability and controllability 
of each variable is thus greatly simplified. 


Noninteraction example 


Control of rotor speed and turbine temperature 
of a turbojet engine requires the manipulation of 
engine-fuel flow and jet-nozzle area. The differential 
equations obtained by linearizing the general quasi- 
static functions relating rotor torque, rotor speed, 
turbine temperature, engine-fuel flow, and jet-nozzle 
area are: 

N+r N=bu, +aA 


T =cw;—eN 


(10a) 
(10b) 


where: 

N=engine speed 

N =engine acceleration 
T =engine temperature 


a, b, c, e=constants 
wy =engine fuel flow 
A =jet nozzle area 
7 =engine time constant 
Placing these equations in operational form and re- 
defining units yields engine matrix E of Figure 174A, 
where y = be/c. The inverse engine matrix E~ 
is shown in Figure 17B, from which, for noninter- 
action: 
Cu 1—y+Tr,p Cz 
—= lla —;{— =-1 11b 
Cu ry (Lla) Cos (11b) 
The response, from Equation 8a, is subject to these 
restrictions: 
Fy =—yRu 
Fy = —-(1—y+r7,)Ru all stable (12) 
Fy= —F y= Rx 


The equation for C is 


—yRu 


=(1 = ytr,) Ru 
1—Ry 


al 
-—_ ae 


1 —Ry 


Cu = 


C2z=—Cr= a (13) 


For Ry = and R».= 


1 1 : 
ites ite (where ¢@ is of order r) 


the control matrix is shown on Figure 18. All four 
controllers are used, the forms being of integral and 
proportional-plus-integral types. In this way, speed- 
and temperature-error signals do not affect each other. 


STATISTICAL CORRELATION 
OF OPERATING RECORDS 


A number of methods are available for obtaining 
the transfer functions of linear system from system 
tests. One uses a special-purpose computer to reduce 
plant test data and thus get direct frequency response 


plots. At least one controller has been proposed 
which periodically determines the process transfer 
functions during operation. 

Another approach involves the statistical correlation 
of ordinary plant operating records. Any operating 
process, whether on automatic or manual control, is 
being continuously “‘tested”’ but the results are usually 
ignored. Every input to a process is constantly 
changing due to minor unavoidable disturbances. 
And the smallest changes will affect the outputs in a 
way that is characteristic of the process. By properly 
correlating output variations with these random ob- 
served inputs, the process characteristics (transfer 
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functions) can be deduced. This is similar to othe 
techniques like frequency, step, or impulse response 
tests, except that the inputs are not predictable, but 
must be described by statistical means. ‘The method 
is limited to cases where the statistical nature of the 
inputs does not vary, or does so slowly, with time. 

If a system is determinate, whatever methods are 
used to describe it should be equivalent. Figure 19 
shows two equivalent ways of looking at a dynam 
system. One, the frequency response approach, 
depends on the separation of a continuous function 
of time (basically periodic over some range) by 
Fourier analysis into a sum of sinusoids. The linea 
system acts on these sinusoids according to its descrip 
tive frequency response to produce outputs whos¢ 
summation becomes the system output. 

Just as valid is the other, the impulse respons: 
approach, in which the input time function is con 
sidered as a series of pulses, each occurring at fixed 
time intervals. ‘The output response to pulses shows 
that neither the pulses that occurred some time ago 
nor those occurring at the present interval will have 
much effect on the present output. But it also shows 
that pulses that occurred at a particular past interval 
associated with the major process lag will have th 
greatest effect at present. ‘Thus there is a weighing 
function which relates the contribution to the output 
made by each input pulse as a function of the tim: 
it occurred. These two approaches can be rigorousl\ 
demonstrated to be equivalent. 

This theory permits a useful transformation of 
plant records and their interpretation by auto- and 
cross-correlation functions. All needed information 
in the input time function can be compactly sum 
marized in an auto-correlation function that essen- 
tially describes how a real input deviates from an 
ideal unit impulse. The output time function is 
similarly summarized by a cross-correlation function 
which describes the real output to this nonideal 
impulse input. The process characteristic corres 
ponding to the frequency response now becomes a 
weighting function plotted against time interval. 
Figure 20 shows this transformation and_ typical 
correlation and weighting functions. The same co 
relation functions will result from any section of thc 
time functions so long as sufficient data is included. 


Correlation functions 


The formation of correlation functions is con- 
ceptually easy although it may be laborious. Analog 
and digital computers can readily perform the cal! 
culations. Essentially, auto-correlation is comparing 
a time function (here, input) with itself, whereas 
cross-correlation is comparing one function with 
another (here, output with input). Mathematically 
the two correlation functions are: 


dmm(r) =m(t) m(t-+r) 
dme(r) =m(t) c(t+7) 

where mm =auto-correlation function 
éme =cross-correlation function 
m(t) =input time function 
c(t) =output time function 
T =time interval 


Ihe bars indicate average value of the product over 
a suitable time segment. 
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[he usual procedure has been first, to form 4,, loop-circulated noise. Its operational di idvantages 
ind ¢,- from plant records with a_ special-purpose can be overcome with improved equipment; and its 
computer, then to introduce ¢,», as the input to a limitations to dynamic responses (small changes) and 
special analog device called a delay-line synthesizer to linear systems are being investigated actively 
DLS). The DLS delays the input by several dis- The most interesting thing about this method is 
crete increments of time n(r). Each delayed sig that the operations required, such as sampling, larg 
nal is then multiplied by an adjustable factor h and number of simple calculations, and introduction of 
ull are summed to produce an output. The DLS pure delay, are ideally suited to digital computers 
is merely an electronic model of the weighting func The possibility of continuously improving the opera 
tion and the h’s can be adjusted to describe any tion of a controller with information gained on each 
system. When ¢, is fed periodically into an unad transient it undergoes offers a real challenge. 
justed DLS a ¢,,. automatically results which can be 
compared with the known ¢,, of the process and 
the error displayed on a scope. Adjustment of the 
various values of h are largely noninteracting and 
can be made to null the error signal. The weighting | GeyERAL ALGEBRAIC METHOD APPLIED TO CON 
function in the DLS achieved by this method is that TROL ANALYSIS OF COMPLEX ENGINE TYPES, by 
of the desired process characteristic, which may be 
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The continuous nature of most physical processes 
would indicate that they can best be handled by the 
continuous or analog controller. The other processes 
—those that exhibit distinct nonlinearities or discon- 
tinuities—would seem to fall naturally to the digital 
controller, which will also undoubtedly prove most 
useful where it is necessary to control several proc- 
esses with a single controller on a time-shared basis. 

Looked at dynamically, the response of the analog 
computer represents the linit attainable for very high 
sampling rates in a digital system, indicating a very 
fast (expensive) digital computer. And as far as 
availability is concerned, there is the simple fact that 
many kinds of computers and computing building 
blocks of the analog type are commercially on hand. 
There are relatively few digital building blocks, even 
including the analog-to-digital and the digital-to-ana- 
log converters, that are necessary for a digital com- 
puter to work with a continuous (analog) process. 

Another factor in favor of analog computers is cost. 
For example, industrial analog process controllers 
with adjustable proportional, derivative, and integral 
action are available for as little as $470. Operational 
amplifiers used in electronic differential analyzers, 
with their automatic stabilization units and power 
supplies prorated, cost about $200 each. 

Very important, too, is the compatibility of analog 
computers with available measurement transducers 
and control actuators, including electro-pneumatic, 
electro-hydraulic, and electrical ones. 


Choosing the analog computer 

The control system designer can cither purchase 
commercially available equipment or design his own. 
The authors are strong advocates of purchasing; they 
believe that the design of components should not be 
undertaken unless space, weight, shape, or special 
environmental conditions, etc., make it necessary. 

Commercially available analog computers applied 
as controllers divide into three classifications: gen- 
eral-purpose computers, fixed-function industrial con- 
trollers, and hybrid computers. 

General-purpose computers—Electronic differential 
analyzers such as Berkeley’s EASE, Electronic Asso- 
ciates’ PACE, Reeves Instrument’s REAC, and Good- 
year Aircraft’s GEDA are general-purpose computers 
(GEDA is pictured in Figure 1). These computers 
generally have a large number of operational ampli- 
fiers, a patch panel, and some non-linear compon- 
ents. They provide the maximum in flexibility, and 
use high-gain operational amplifiers for computational 
accuracy. Their components have frequency responses 
much higher than most industrial processes. 

Such computers require highly skilled operators 
because of the complexity of adjustments and patch- 
ing. They are best adapted for laboratory use; that 
is, control of experimental or pilot processes where 





the process or the mode of control changes frequently. 

Fixed-function controllers—Special electronic ana- 
logs are available that were designed especially for 
industrial control, such as the controllers made by 
Manning, Maxwell & Moore; American Electronic 
Systems; and Swartwout. These have older, pneumatic 
analog counterparts (those made by Bristol, Foxboro, 
Leeds & Northrup, Minneapolis-Honeywell, and ‘Tay- 
lor, for example). Special-purpose mechanical and 
hydraulic analogs have also been built in large num- 
bers for contro!, but, in general, these are not avail- 
able commercially. The statements of this article are 
limited to the electronic variety. 

The industrial controller has been integrated with 
associated sensors, set-point devices, and power-ampli- 
fying equipment to form a complete contro] system 
supplied by a single manufacturer. For this reason 
very little engineering is required by the user to install 
and check out the system. But it is limited in what 
computations can be made and by its range of adjust- 
ments. At present its frequency response, because 
it uses electromechanical devices, is much lower than 
that of general-purpose computers. 

Industrial controllers are the least expensive over- 
all, however, and should be applied whenever pos- 
sible. They are used in the Engine Test Facility at 
Tullahoma, Tenn., to control the pressures of the 
fuels being supplied to turbojet and ram-jet engines 
undergoing altitude flight simulation tests. 

Hybrid analog computers—Control] computers can 
be put together from the building blocks of general- 
purpose computers, and housed in a custom console 
with a patch board designed for the particular appli 
cation. In the resulting hybrid computer (all neces- 
sary operational amplifiers, stabilizers, power supplies, 
function fitters, etc., purchased separately) there is 
both the flexibility needed for the application and 
a minimum of adustments for operational simplicity. 
Components are patched for a specific computation, 
which greatly increases reliability. Transducers, set- 
point devices, and the power amplifying equipment 
are selected to fit the particular system involved. 

This approach to analog computing control is 
ideal for the transition from a block diagram to actual 
control hardware. More engineering is required than 
for the standard industrial controller, but the result is 
a control system exactly tailored to the process. By 
making use of reliable off-the-shelf equipment, much 
debugging is by-passed. ‘This emphasizes system 
design rather than component design. 

Since the equipment is basically modular, the 
controller can be modified or expanded very simply. 
This is useful where the process analysis is not exact 
or future plant expansions are planned. 

Another advantage of this approach is that it saves 
components already in use. In converting a manual 
flow-control process to automatic operation, for exam- 
ple, all that is necessary is that the proper servo-valve 
or converter be selected to match the operational 
amplifiers to the valve actuators to be salvaged. 


Controller functions 


An electronic analog computer can be used in two 
ways for process control. The first of these is the 
so-called two-time-scale method. The second is as 
a more conventional real-time analog controller. 


In the two-time scale method proposed by Ziebolz 
and Paynter in 1953*, the process and the conven- 
tional controller are simulated on an analog com- 
puter at a very high speed compared to real time. The 
input and output of the real process are sampled 
and entered into the high-speed simulator, together 
with all other variable factors that can disturb the 
process. Using this sampled data as the initial condi- 
tion, the high-speed (simulated) controller proceeds 
to control the simulated process for a simulated time 
(shorter than the sampling interval). The output of 
the simulated process at the end of the simulated time 
is compared with the set-point and used to start cor- 
recting the feedback signal of the real process much 
earlier than would be possible in a conventional feed- 
back control system. 

For example, the effects of a drift in a disturbing 
parameter (a heat exchanger temperature, perhaps) 
may not be felt at the output of the process for many 
minutes due to transportation lags in the process. A 
conventional controller can take no action to correct 
this disturbance until the disturbance is felt at the 
output, so that the disturbance is essentially uncon- 
trolled for this period. In the two-time-scale system, 
the effect of this disturbance is “felt” in the simulated 
system less than one sample time later, which can 
easily be a tenth of a second or less. ‘Thus, control 
action can be taken at the input to the real process 
practically immediately. 

(For application of the two-time-scale method in 
analog systems, see “Optimizing Control of a Chemi- 
cal Process” by Eckman and Lefkowitz, p. 197; for 


FIG. 1. A general-purpose analog computer, Goodyear Aircraft’s GEDA. 


. Block diagram of typical process-contro!l system 
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its application in digital systems, see the feed for- 
ward methods used in “The Digital Computer as a 
Process Controller” by Tierney, et al., p. 166.—Ed.) 
This article shall deal fuliy only with the advantages 
and problems of the second approach mentioned 
above: applying the highly useful techniques of elec- 
tronic analog computer design to the design of more 
conventional systems that operate in real time’. 

In this approach, the analog must perform all the 
functions from the feedback transducer output to the 
power amplifying element input, as illustrated by 
Figure 2, and thus needs an analog voltage signal 
from the feedback, and a power amplifying element 
which will accept an analog voltage as its input. In 
the ordinary functions of process control, pressure 
or temperature measurement and control valve actua 
tion, such analog voltage signals are common. 

The ordinary functions of any process controller 
are handled perfectly by dc operational amplifiers. 
Generating an error signal by subtraction of the 
feedback from the set-point is done simply by using 
an operational amplifier as a summer. The set-point 
comes from a potentiometer which is excited by the 
computer reference supply. Since the input impe- 
dance is high, the feedback can be from any transducer 
that produces a de voltage or current. Thermocouples 
can be compensated by using the operational amplifier 
input impedance as a pure lead term. 


Control system design 

One of the deficiencies of most control analyses of 
complicated processes is the describing equations. 
If the process equations were exactly known, a con- 
trol system could be synthesized to provide optimum 
performance. Ordinary industrial controls, pneumatic 
and stock electronic systems, largely ignore the syn- 


FIG. 4. Analog computer 
component assembly used 
as a portable experimental 
analog computer. 


FIG. 5. Console housing 
analog computer compo- 
nents for pressure and 
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tems in jet engine test fa- 
cility. 
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thesis and simply provide ranges of adjustment. ‘The 
resulting performance is adequate in most applica 
tions. However, such systems cannot cope with ex 
tremely large ranges of adjustment and, in general, 
the adustment can be changed only by redesign of 
the component. The correction for errors or def 
ciencies in the analysis may be difficult with fixed 
function controllers but is simply a matter of changing 
a resistor or capacitor with analog computer control 
lers. This advantage has rescued the authors on numer 
ous occasions. 

Most processes experience large changes in para 
meters (gains and time constants) with operating 
points; that is, their differential equations have non 
constant coefficients which are dependent upon oper 
ating points. If the process can always operate at 
fixed operating points with little deviation, then it is 
only necessary to provide sufficient ranges of adjust 
ment. But if there are very large excursions, stability 
and dynamic response problems arise. 

Electronic analog components are also available fot 
correcting these difficulties. For example, nonlinear 
controlling elements may be linearized by biased-diode- 
type function generators; or some nonlinear opera 
tion, such as logarithm generating, may be made on 
the feedback signal. Also, a resistor in an operational 
amplifier assembly can be variable, as by instrument 
servos, or by the use of nonlinear resistance elements 

Usually, processes complicated enough to require 
a concentrated evaluation are separated into parts 
each interacting to some extent with the others. If 
these interactions are appreciable and harmful, some 
means of interconnection is usually employed, the 
most common being anticipation fed to one system 
from another. An electronic analog components assem- 
bly, ideal for compensating this interaction, accom 
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plishes it simply by adding in a signal to an operational 
amplifier at the appropriate spot. 

Many other functions easily accomplished with an 
analog computing controller are more difficult with 
other types. Among them: elimination of controller 
saturation and error limiting, both done with diodes. 
Several of the functions are illustrated in the analog 
control computer diagram of Figure 3. 


Programming the computer 

“Programming” general-purpose or hybrid analog 
computers is the process of patching or connecting 
their elements so that they perform the required 
mathematical operations. The general-purpose analog 
computer has a problem patchboard through which 
all the elements of the computer can be intercon- 
nected (Figure 1). A hybrid assembly such as an 
experimental control computer might have a specially 
constructed problem board for maximum flexibility. 
Figure 4, for example, shows a portable control com 


puter used in experimental design of more permanent 
systems that has a special patchboard. Further restric- 
tions might be made for permanently installed sys 
tems in which the computing resistors may have to 
be readily changed. This is illustrated by Figure 5, 
which is a pressure-control system for a jet-engine 
test facility controlled by a hybrid analog computer. 
The patching might also be permanent, as illustrated 
by Figure 6, which shows the mimic diagram of a 
COM pressor surge prevention contro] computer In 
which the components are permanently patched to- 
gether and only test points are brought out. 

In any case, the logical design of the patching 
on programming scheme should always provide the 
flexibility to correct possible errors, and the neces 
sary test points for checking correct operation. The 
latter is a hidden advantage: it provides for easy 
trouble shooting, serves as an educator of the action of 
the system, and provides points for recording responses 
which are very difficult to obtain in ordinary systems. 


SURGE CONTROL BY ANALOG COMPUTER 


The following example will illustrate the applica- 
tion of a hybrid-analog computer as a process con- 
troller. The system chosen is a_ surge-prevention 
control system for a compressor in the Engine Test 
Facility at the Arnold Engineering Development Cen- 
ter, ‘Tallahoma, Tenn.—largest of the aerodynamic- 
model and jet-engine test facilities operated by the 
Air Force, Air Research & Development Command. 
AEDC is operated for the Air Force by ARO, Inc., 
a subsidiary of Sverdrup & Parcel, Inc. Included in 
the example is a simplified analysis of the process 
and the synthesis of the control system. (For another 
way that computing control can be applied to wind 
tunnel surge control problems, see p. 134.—Ed.) 

The electric-motor-lriven, fixed-speed, three-stage 
centrifugal compressor used as an exhauster in the En- 
gine Test Facility wind tunnel was originally equipped 
with an automatic surge control system. A _ new, 
more refined surge control system has been designed 
using analog computer components. It has been as 
sembled and experimentally checked out, but as of this 
date has not been permanently installed. To avoid 
plant down time, as well as for economy, the existing 
valve and valve position system was used. The system 


performance was such that, when subjected to the 
severest possible disturbance, the machine surged only 
once. 


The process 

The compressor exhausts air from a large volume 
of ducting in order to simulate specified altitude 
conditions at the exhaust of a turbojet or ramjet en- 
gine. A schematic of the ducting, valves, compres- 
sors and drive unit is shown in Figure 7 

If the air flow is reduced below a certain minimum, 
the compressor blades undergo aerodynamic stall, 
which results in a reversal of flow. This can cause 
severe structural damage to the compressor and its 
drive mechanism. However, operation very close to 
this surge point is necessary for maximum perform- 
ance. This requires a high-gain automatic control 
system. 

The control system must sense the approach to 
stall condition and take corrective action to cause the 
control valve to maintain the air flow through the 
compressor higher than the surge value. Figure 8 is a 
characteristic curve for a centrifugal compressor dis- 
charging to atmosphere, showing the surge point. 
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FIG. 7. Engine-test air flow system schematic. 


Two sensing variables are immediately apparent, 
inlet pressure and air flow. Pressure should be dis- 
carded because the slope is very gradual in the vicinity 
of surge and the gain would be low. This leaves air 
flow, which is measured with a total pressure sensor 
in the discharge line. Noise-free signals cannot be 
obtained here because the air flows in the surge region 
are very low, and the resulting spurious signals to the 
controller cause poor control system performance. 
The result here is a controller set-point corresponding 
to the lost performance shown in the shaded area of 
Figure 8. By installing a venturi in the discharge line 
and sensing the pressure drop across it as a measure 
of air flow, a signal with good signal/noise ratio can 
be obtained. The control system performance im- 
proves considerably, but the pressure drop across 
the venturi is a penalty in performance of the com 
pressor as indicated by Curve II of Figure 8. 
the present method of control. 

During recent experimental tests on the com- 
pressors, it was noted that the motor current is very 
nearly proportional to the air flow. It was also noted 
that when disturbances in air flow were introduced the 
lag between changes in inlet pressure and in motor 
current was negligible. A sensor was designed using 
a current transformer, a rectifier, and a filter to pro- 
duce a de signal proportional to load (motor current), 
and the signal/noise ratio was found to be high. It 
was thus concluded that a measure of motor current 
should be suitable as the sensing variable in a surge 
prevention control. 

The analysis of the system is made using Figure 7 
as a reference. Lower-case letters represent trans- 
formed perturbation of the variables and s denotes 
the Laplace variable. 

The capacitive energy storage in volume V yields, 


This is 


‘ee 
P=—q- (Wit+W2—W,) (1) 


1 
p= —j—(wit+w2—w;) 
Cs 
where C is 


V_ V is the volume in cubic feet, and 
RT 


T is the temperature in degrees Rankine. 
The weight flow through the surge valve is 


CONTROL ENGINEERING 





Weight flow —> 


e 
FIG. 8. Characteristic curve of a compres- 
sor used as an exhauster to atmosphere 


(The valve is choked in the surge region and there- 
fore can be represented by the choked orifice equa- 
tion.) Dimensions of the equation are pressure in 
pounds per square foot, area in square feet, and 
temperature in degrees Rankine. K, is a constant 
equal to 0.533, 


or w,=ka (2) 


The weight flow through the compressor at a con- 
stant temperature is 


W2=f(P) 
or W3=kep (3) 


The relationship of weight flow to motor load can 


be expressed as 


1=f(Ws) 
or l=ksws (4) 


he current in the secondary of the current trans- 
former is proportional to load current — I, « L 


Then k=hyl 
or k=kskqw; (5) 


Combining and simplifying Equations 1 through 5 
results in 


Ky 
7,8 4+] a 


(6) 
K, is the gain of the uncontrolled system and is the 
product k,ksk,. 7, is the time constant of the uncon- 
trolled system and is the ratio C/k;. 

The numerical values of the constants in Equa- 
tion 6 can be calculated from the fundamental proper- 
ties of the system in the surge region. The follow- 
ing values are typical: 

Volume, V =25,000 ft* 

Temperature, 7'=550 deg R 

Weight flow at surge, W;= 15 lb/sec 

Pressure at surge, P =500 to 700 lb/ft? 

Load at surge, L = 2,100 to 2,300 Kw . 

Current in current transformer at surge, Jr = 1.5 amp 


The transfer function, Equation 6, is numerically 


i= = ay (7) 
0.3s+1 
The sensing clement is illustrated at the lower left 
in Figure 9. Its response is much higher than that of 
the plant and the valve-positioning system and there- 
fore its dynamics were not considered. 





secondary 


[he valve-positioning system is the one already 
installed in the facility. It consists of an electro- 
pneumatic converter, a pneumatic actuator and a 
double-seat valve. The response of the entire valve 
system can be represented as a transfer function, 


a oe 0.1 


EK, test+l 058+ (8) 


Control system synthesis 

Operation at a stable point near the surge region 
requires porportional-plus-integral controller function. 
The gain which must be provided in the controller 
for stabilization can be established from the open- 
loop transfer function. Figure 2 is a block diagram 
of the system. The frequency-response curve was 
plotted and the controller gain calculated by estab- 
lishing a gain of unity at the minus-135-deg phase- 
shift point. The integral action of the controller 
provides zero steady-state error. The rate at which 
the error is integrated out should be as rapid as pos- 
sible without causing instability. A practice found 
to be satisfactory is to set the controller integral time 
constant to ten times the reciprocal of the frequency 
at which minus-135-deg phase-shift occurs. 


Experimental setup 

A breadboard controller of analog components 
should now be set up to determine the validity of the 
analysis and synthesis. A typical array of components 
for use in a breadboard model is shown in Figure 10. 
Each rack contains 10 operational amplifiers and 
stabilizers, potentiometers for setting coefficients or 
for use as setpoint devices, capacitors, diodes for use 
as limiters, function generators, a patch board, a volt- 
meter and the necessary power supplies. 

The circuit (Figure 9) which represents the con- 
troller is patched into the problem board of the com 
puter shown in Figure 10 for the experimental work. 


Final design 

The results of the experimental setup, operational 
procedure, availability of space, etc., determine the 
final control-system design. The results of the experi- 
mental system test, which will have fixed the gain, 
or range of the gain, time constant or its range, and 
the polarity inside the loop, dictate the number of 
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10. Analog-computer components ar- 
ranged for breadboarding control systems. 


amplifiers needed, the requirements for adjusting gain 
and integral time constants, and the value of the 
passive elements to be used. 

The operational procedure will determine the need 
for a manual-automatic transfer switch, monitoring 
signals within the system, manual set-point devices, 
and any other elements to make the system compatible 
with similar systems in the same plant. The final 
stage of design for this application is a compact 
fitting of the circuit of Figure 9 into the package of 
Figure 6. 


Conclusions 

The choice of a controller for a system such as the 
one described here depends on several things. The 
prime one of course, is response of the system or 
of the power amplifying element. Another one, equally 
important, is the proportion of cost to benefits. A 
third is the established operational procedure in the 
plant, since a control system that is too complicated 
for the average operator can be worse than none. 
Reliability and ease of maintenance or repair complete 
the controller considerations. 

Analog computer components are so designed that 
their frequency response is much higher than needed 
for this application, but this is not reflected in the 
cost. Stabilization by choppers or commutators raises 
the price per unit amplifier only slightly. 

Analog computer components that produce an error 
signal and perform the computation of the controlling 
function provide low cost, reliable control of com- 
pressor surge. The reliability of the components is 
exceptional, and a spare amplifier is provided for 
malfunctions. The spare adds very little to the cost 
of the system. All components are easy to maintain 
and service and with proper care should give relatively 
trouble-free service. 
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computer. The first is the digital equiva- 
lent of the conventional analog feed- 
- back control system. The effects of 


rates were investi- 


second computer provides 

control to reset the conventional control- 
ler. The third system incorporates all of 
ee temens te Be Ss hc Sng 
- digital computing controller. In this 
case, a special-purpose digital com- 
puter, the Incremental Computer, was 
set up on the 1103 in dual simulation 
with the process dynamics. 


CONTROL ENGINEERING 


Success in aircraft applications has proved the 
practicability of controlling continuous systems with 
digital computers. Also, the values of using the digital 
computer as a controller have been well<liscussed in 
previous articles®*. Rather than put forth the merits 
of the digital approach in a general way, then, this 
article describes the results of simulating a specific 
process application of digital computing control. 

A study undertaken to determine the technical 
problems involved in applying digital techniques to 
control of a continuous chemical process began with 
the establishment of certain conditions: 
> No attempt was to be made to find the best control 
system. This would have involved the economic 
values of the product and the plant as well as the 
control equipment, and also the kinds of disturbances 
to be expected and the effects of upsets on product 
quality. 
> It was to be assumed that an instrument was avail 
able to measure the outlet concentration, A. Actual 
systems might have to rely on related measurements. 
> Lags in sensing elements, transducers and control 
valves were to be assumed negligible. This could be 
satisfactory in real systems if the disturbing frequen 
cies are low enough. 

P Random disturbances were to be completely ex 
cluded (except for round-off errors). Some noise 
would be present in an actual system. 

> The desired value of A was to remain constant 
throughout most of the study. The control problem 
was thus one of compensating for disturbances in the 
inlet temperature or concentration. An actual process 
would probably be run this way. 

The process (see spread, pp. 168 and 169) was 
simulated by programming Equations P1, P2, and P3 
into the Univac Scientific Model 1103 computer at the 
St. Paul Univac Service Bureau. Nonlinear equations 
like these are easily handled on a digital computer, 
and in this case the simultaneous differential equa- 
tions were solved by a modified Runge-Kutta integra 
tion. A basic time interval of 4 sec was used for the 
integration, which is conservatively short for the long 
time constants of the process and for the integration 
technique used. 

Note that the process itself was simulated exactly 
by solution of the original differential equations. The 
linearization was done only to simplify the determina 
tion of the best characteristics for the controller. 

The process is unstable, so that any small upset will 
cause it to move to one of the stable states. Even 
round-off errors in the digital approximations of the 
process equations could cause instability, so that 
special care was taken in programming to make sure 
these errors would not cause upset. As programmed, 
the process can run indefinitely at the steady state. 
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SIGNAL-FLOW DIAGRAM 


rhe signal-flow diagram is used several times in 
this article to illustrate the various types of control 
systems simulated. Note that these control systems 
are linearized, and that the flow diagrams use Laplace 
notation. The properties of such diagrams are dis 
cussed further in standard texts*. The symbol P, 
together with appropriate subscripts, indicates process 
transfer functions. G represents controller transfer 
functions. Although the diagram assumes a linear 
system, the control system itself could be nonlinear. 


Conventional Control System 


In Figure 1, a conventional feedback control sys- 
tem has been added to the signal-flow diagram of the 
process shown in Figure P3. The controller has pro- 
portional, derivative, and integral action, and is rep 
resented by the transfer function G,,, 


Gas 


rhe linearized equations for Figure 1 are: 
GatP te Pao Pt 
1+ Gas Pra 1+ Ga;P ta 1+ Ga; Pr a 


Any combination of C,, C, 


a;+ 


, and C, which make the 


1s 





above equation stable would presumably be satisfac- 
tory. Absolute stability is determined by the denom 
inator, the requirement being that when written as a 


polynominal in p, it will not contain any roots with 
positive real parts. This can be checked for various 
values of C,, C,, and C, by using the Routh test*. How- 
ever, the requirements for absolute stability are insuf- 
ficient to assure a good control action even for the 
linear system. The controller should also provide rela- 
tively little phase shift for sinusoidal disturbances, as 
well as high damping, rapid rise, and minimum over- 
shoot in response to transient changes. A set of con- 
stants which meet these requirements reasonably well 
are C, = 52, C, = 2, and C, = 1. 

A necessary, although not sufficient, condition for 
no roots with positive real parts is that all coefh 
cients have the same sign. Thus a minimum deriva 
tive coefficient (C,) is 9.4. 

Ihe controller equation can be represented by 
e—Qes 
d(A;—A 


1640 dé 


+24.6(A;—A) +0.082 A 


0 


A)dé@ (3 


This equation was solved continuously in the digi- 
tal computer. The calculation interval (A @) was 4 
sec, (the same as the interval used in the process 
equations) which is the equivalent of a continuous 
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AN UNSTABLE PROCESS 


The process chosen for study is the 
apparently simple one that goes on in the 
reactor of Figure P1. The mixture entering 
the reactor has a component that will 
react with itself under proper conditions, 
and an inert diluting component. Two 
molecules of the reactive component A 
react irreversibly as follows: 


2A-> Product 


The rate of reaction is proportional to the 
square of the concentration of A in the 
reactor, the contents of which are assumed 
perfectly mixed. The letter A is here- 
after designated as the concentration of 
component A, measured in lb-moles/ft*. 
A simple material balance around the sys- 
tem gives the equation: 


vy“ - = Q(Ao — A) — kVA? 


where V is reactor volume in ft*, O is 
volume rate of flow in ft*/sec, and @ is 
time in sec. The equation relates the rate 
of change of the amount of reactant in 
the reactor to concentrations in the inflow 
and outflow and the rate of reaction. 

The reaction also evolves heat, some of 
which is removed by the cooling coil. The 
accumulation of thermal energy in the re- 
actor can be equated to the difference 
between heat entering and leaving the 
reactor: 


(P1) 


_ so hA,F 
VCe a = O0Cp (To —T) <4 1+F 
— kVA? (AH) 
“ 2QcpcCe 
a 


( T == Tce) 
(P2) 
where 


In addition, the reaction velocity coefh- 
cient k is a function of temperature: 
k = ky e-2/8T (P3) 
Equations Pl, P2, and P3 completely 
represent the behavior of the process. If 
the flow rate and other inlet conditions 
are fixed at the steady state s (numerical 
values are given in the “Nomenclature”, 
and all the derivatives with respect to 
time @ are zero) there are three solutions 
for reactor concentration A, each occurring 
at a different temperature. Stability 
analyses of these three steady states show 
that the high- and low-temperature states 
are stable, while the intermediate state is 
unstable. The reactor has no tendency to 
leave a stable state and assume another 
state. On the other hand, it will, upon 
the slightest perturbation, tend to leave 
the unstable state and pass to one of the 
stable ones. It has been shown" that the 
unstable state is not actually approached 
in a transient operation, and also that 
plots of concentration vs. temperature ex- 
hibit all of the types of instabilities pos- 
sible under proportional control of coolant 
flow rate using effluent temperature as an 
indicator of deviation from steady state. 
It was decided to attempt to control 


this reactor at its unstable steady state. 
While this may be undesirable in practice, 
it does present a difficult control problem 
and thus one which is well suited for com- 
parison of control systems. 


Linearization 


Although Equations P1, P2, and P3 give 
the correct functional relationship between 
process variables, they are difficult to in- 
terpret. Elimination of temperature be- 
tween them for example, results in a com- 
plicated equation from which it would 
be difficult if not impossible to obtain an 
explicit expression for A, reactor concen- 
tration. The equation can be simplified 
by “linearization”, i.e., expanding each of 
the nonlinear variables in a Taylor series, 
retaining the linear terms. In general, 

F (2) = F (x0) + (2 —20) F’ (x0) + 
_(e—20) F” (x0) 
2 
and only the first two terms would be 
retained. The nonlinear term A? for ex- 
ample, could be linearized about A,- 
A? & A? + (A—A,) 2A, 

In the problem under consideration, the 
state about which linearization is to take 
place is the unstable steady state. Any 
value with a subscript s is the value that 
variable has at the unstable steady state 
and is a constant. 

Thus, Equation P3 was substituted into 
Equations P1 and P2 and the two resulting 
equations were linearized as above. Re- 
arrangement of terms produced the non- 
dimensional, linearized forms of Equations 
P1 and P2 as follows 


da VA.k, a 
= -(1+2 0. To 
VA.k, E _ " 
-( 0. )( RT, ) () + ao (P4) 
VA,R, A, SH 
= -2( 0. )( +) (a) 


. Cel. 
F, hAy 
-[+Gte) Coss) 
VAuks BE A.AH 
+( 0. -) ( RT, ) (4 ) Jo 
-” 


+ T, (to) 


F, h Ay T ces 
(fn) (ts) (4 
hAa T.—Ton i 
—( ou) ( % ) ( tr) _ 


These equations have the form: 


—- = —bna — but + bua 


(P6) 


da 
dy 


i = bua + best + belo + bates + buf (P7) 


where y represents dimensionless time 
eQO/V, and the constants are defined by 
Equations P4 and PS. 


Time could be eliminated between these 
equations rather simply, but it is preferable 
here to make a transformation of variable 
The control engineer’s usual tool for the 
study of linear systems, the Laplace trans- 
form, 


xX e~?* X(z)dz 
0 


was thus used to transform the differential 
equations (P6 and P7 equa 
tions ;P8 and P9 


be at the steady state s at time 


into algebrai 
, assuming the system to 
(P8) 

— bia +(p —- bes) 2 = bes fo + Basice + buf (P9) 

Eliminating t between these equations 
then yields the transform equation for the 
concentration in the reactor, linearized 
around state s: 


(p + bu) a + bit = bu Go 


bis (p —be) Go —biabuto —biabestes —bivbef (P10) 
p*? + (bu —bn)p + byobn 
Substituting numerical values for con 


- bubn 


stants and assuming that te. 0 


3 (p —2.90) ao : 

(p —2.00) (p+ 0.940) (p 
i 0.113f 
* (p—2.00) (p+0.940 
[he denominator in Equation Pl] 
has been factored to show the roots. The 
positive real root in the denominator shows 
directly that the unstable at 
state s, an advantage of linearization 
Linearization also simplifies the problem 
for small perturbations about the steady 
state, and permits an estimation of the 
relative importance of the 
ables. 

The linearized equations represent the 
actual process behavior quite well for small 
disturbances about the steady state. Figure 
P2 shows the deviation from the actual 
values of the ratio a/f, for sinusoidal dis 
turbances in f, with two different ampli 
tudes, f; = 0.026 or 1 percent of the total 
flow rate, and f, 0.260 or 10 percent 
of the total flow rate. Linear theory would 
predict that the ratio is independent of 
the value of f,. Actually, however, 
linearities cause the ratio to vary and the 
agreement is best for very small values of f 

if Equation P11 is written as 
Pref (P12) 
then the linearized process can be repr 
sented ‘by the signal flow diagram of 
Figure P3. The linearized equations indi 
cate that t., for example, contributes som: 
thing to the final concentration, a, and 
it is convenient to consider this as being 
the case, but it is not possible in the 
actual reactor to isolate any concentration 
measurement as being due to t, or a,. For 
example, the signals flowing inside th 
dotted lines of Figure P3 cannot be mea 
ured. These signals are in Laplace tran 
form notation, and are added and 
tracted at nodes. Between nodes they ar 
operated upon by transfer function 


12.71 


= 2.00) (p+ 


0.940) 


(P11) 
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NOMENCLATURE 


VARIABLES 


A = Concentration of A in reactor. 
Ai = Desired concentration of A. 
Ae = Concentration of A in inlet. 
A-A, 
As 
= Calculated set point for continuous controller. 
Ai — A, 
Ay 
aji-a 
Output of continuous controller. 
Controller output after sampling. 


20-Ce " Pr 
-20C ep , nondimensional flow 

hAa 
F -F, 
Value of f to compensate for input disturbances. 
Reaction velocity coefficient. 
Reaction velocity coefficient constant. 
Flow rate of reactant mixture. 
2. 

Q 
= Coolant flow rate. 

Qe — Qeo 

Qce 

= Temperature in reactor. 
= Average coolant temperature. 


= Inlet coolant temperature. 
= Temperature of reaction mixture entering. 


T —T, 


oaunda 


= te—Tx 
To 
= Time, seconds. 
= Laplace transform variable. 


- ss. Dimensionless time. 


= Sampling interval, ¥ units 


TRANSFER FUNCTIONS 


G = Controller. 
H = Hold circuit. 
P = Process. 


CONSTANTS 
As = Area of cooling coil, 500 ft.* 
Ay = Concentration in reactor at unstable steady state, 0.704 lb-mol/ft. : 
Acs = Concentration in inlet at unstable steady state, 1.00 lb-mol/ft.* 
Cc = Heat capacity of reactant mixture, 1.0BTU/lb-deg F. 
Ce = Heat ca; ~b = ——- 1. OBTU /Ib-deg F. 
CiQ:C; = Con’ 
E oa hetivation on rah, “<> “ete 
F, me a —. value of F 
= Amplitud of sinusoidal LA in f. 
= Heat tonne coefficient, LOOT hatt-deg F. 
= Heat of reaction, —20,000BTU /Ib-mol 
= Reaction velocity constant, 2.7 x 10" ft*/Ib-mol-sec. 
= Steady-state reaction velocity coefficient, 2.98 x 10-*f t®/lb-mol-sec. 
= Steady state coolant flow rate, 0.289ft*/sec 
= Steady state reactant flow rate, 0. ores. 
= Gas constant, 1.987BTU /lb-mol-d 
= Density of reactant mixture, 60.0lb, Ay 
i t. 


Steady state temperature of inlet coolant, 520deg R. 
= Steady state temperature of inlet reactant a 661.6deg R. 
= Steady state temperature of reactor, 700deg R 
= Volume of reactor, 100 ft.* 
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or analog controller. ‘To simplify programming, it 
was assumed that dA/dé was available from the proc 
ess. The integration was done by assuming A constant 
for each time increment. Since changes in A were 
normally small, this is a good approximation. 

Some results using the continuous controller are 
shown in Figure 2. A sinusoidal disturbance in A, 
for two different amplitudes is shown in Figure 2A, 
sinusoidal disturbance in T, in 2B, and step changes 
in A, and T, in 2C. Control of upsets in A, is more 
difficult than control of upsets in T’,. This is evident 
from examination of the transfer functions P,,. and 
P,,.. The former has p in the numerator while the 
latter does not, so that in the former rate of change 
of A, enters the control problem as well as the mag- 
nitude of A,. 

It can be seen from examination of Figure 2 that 
an analog controller or its digital equivalent (a very 
short interval between successive calculations) con- 
trols the process well for small disturbances, which 
would probably constitute the majority of upsets. For 
larger disturbances, the deviations in concentration 
become large. In the present case this could be cor- 
rected by using a larger value for the derivative con- 
trol term. This is possible in practice only to a limited 
extent, however, because of noise and inherent slug- 
gishness or lags in valve actuating equipment. Ac- 
tually, whether better controller constants could be 
obtained is unimportant because the controller de 
scribed above has been used as a base case, and other 
systems will be evaluated on a comparative basis. 


Controller program 


One of the most important factors in the applica- 
tion of digital control is the amount of time that the 
computer spends on the control calculation. This is 


determined by several things: basic compute! speed, 
number of steps in the program, complexity of the 
problem, degree of approximation, etc. A look at how 
the controller was programmed in the 1103 will help 
to illustrate. 

Equation 3 was written as follows for a constant 
sampling rate 4d = 4 sec. 


d(A;—A aaa . 
* +§ n— A 
dé ) 24.6(A; 

+ (0.08240) = (A;*—A*) 


o 


Q.—Q..= 1640( 


The program for this might consist of the following 

steps: 

1. Enter the most recent values of dA/dé, A, 
dA,/d@, and A, in appropriate locations. 
Subtract A from A\. 

Subtract dA/d@ from dA,/dé 
Add result of step 2 to 

n—-l 

z= (A;*—A*) 

0 
Multiply result of step 3 by 1,640 and add to 
O. 
Multiply result of step 2 by 24.6 and add to re- 
sult of step 5. 
Multiply result of step 4 by 0.041 and add to 
result of step 6. 

8. Transfer new coolant flow rate to computer out 
put. 

Steps 2 through 7 take approximately 1 millisec 

in the Univac 1103. Additional time (the exact 
amount depends on the analog-to-digital conversion 
equipment) should be allowed in steps 1 and § for 
record keeping. If this other equipment is as fast 
as the 1103 an additional 0.5 to 1 millisec is ample. It 


FIG. 3. Signal flow diagram for linearized 
process using feedback control with sampled 
output. 


FIG. 4. Response of concentratio1 i. to 
sinusoidal disturbances in 7, using feedback 


control with various sampling intervals 
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FIG. 5. Signal flow diagram for linearized 
proce using feed forward to modify set 
point of feedback controller 


FIG. 6. Response of concentration A, using 
continuous feedback controller with and with- 
out feed forward, to: A—sinusoidal disturb- 
ance in 7',, B—step change in T, 











is not likely, however, that the speed of such a large, 
general-purpose computer would be available in a 
practical digital controller. 


Sampling Control 


A practical digital controller would probably oper- 
ate at a much slower rate, computing outputs at 
regular intervals. The longer the period between sam 
ples, the less time the computer is used for each 
control action. If the period is long enough com 
pared to the computing time, the computer may be 
connected alternately by a commutating switch to 
each of several other systems, which may then all be 
controlled by the one computer on a time-shared basis. 

In the present example, the output of the con 
troller was programmed so that the time increment 
between successive calculations could be varied. The 
control valve was held constant at the last value until 
a new value was calculated—the equivalent of a simple 
hold circuit. The signal flow diagram is given in Fig 
ure 3. The output of the controller was sampled and 
put through a holding circuit before controlling the 
valve. The results of using sampling intervals of 20 
and 40 sec are shown in Figure 4. 

Using the 20-sec sampling interval, the control 
action is still almost as good as that of the continu- 
ous controller. At 40-sec intervals there is a great dif- 
ference and control is unsatisfactory, although the 


system may still be stable. It would therefore be neces 
sary, if using a digital controller, to compute a new 
control valve position no more often than every 20 sec. 

It is important to be able to calculate the effect on 
stability of a sampling device such as a digital con 
troller in the control system. A sampled-output con 
troller can be analyzed by assuming that the sampling 
device is equivalent to modulating the signal with a 
stream of unit impulses. Designating a modulated 
quantity by an asterisk, the continuous controller out 
put c(p) becomes c*(p) after sampling. The original 
signal flow diagram of Figure 3 can then be repre 
sented by: 


Gasai*(p)H (p) Pya(p toP+aG*(p)H(p) P 
“) 1+HP;Gas*(p) 1 +HPycGas*(p 
to.(p) Psa(p) (5 
A somewhat different functional notation is used 
here from previous equations because when dealing 
with sampled functions, a(p)G*(p)aG*(p). Analy- 
sis proceeds much the same as with continuous func 
tions. The system becomes unstable if any roots 
of the denominator have positive real parts. The 
denominator however, is primarily a sampled quan- 
tity. It can be expressed as follows: 


> 


1) ) ; 
(6) 


These sampling process introduces the variable e*, 


5.87(1—e-*?) (p+-2)(p-4 
p*(p—2)(p+0.94 


1+H P;.Ga;*(p) =1 +( 
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where @ is the sampling interval. Letting 
z=etP 


the denominator becomes 


1.02(z—1) _0.0245(z—1) 7 
z—e = g— e000 @ 


1+5.87— 768 —0.997 + 


The roots of this cubic equation can be readily 
determined for a series of values of ¢. Since the pres- 
ence of a positive real root in p corresponds to an 
absolute value of z greater than one, the value of ¢ is 
increased until one of the roots equals one. This oc- 
curs at ¢ = 0.37 (74 sec) and indicates a root on the 
imaginary axis in the p-plane, or marginal stability. 

Thus the border between a stable and an unstable 
system in the present example occurs at a sampling 
interval of 74 sec. When it is considered that the 
analysis is based on the linearized equations and fur- 
ther, that intervals somewhat less than the marginal 
value would give control systems which might be 
stable but would have poor control properties, this 
agrees well with the actual results in Figure 4. 


CONVENTIONAL CONTROL PLUS FEED FORWARD 


Whether the conventional control system just 
described is analog or digital, it responds to disturb- 
ances only through upsets in the controlled quantity. 
Adding “feed forward” by measuring the disturbing 
variable and using it to adjust the controller should 
provide better response to larger upsets. 

One way to apply feed-forward compensation is to 
use a continuous (probably analog) controller for 
the normal feedback control and a digital controller 
for the feed forward. There are, of course, many 
other possible arrangements, but this one is of special 
interest for several reasons: 

P The use of a digital feed forward controller in con 
junction with conventional analog equipment is a 
logical extension of present methods. 

> The digital controller coordinates several contro] 
systems, its flexibility permitting ready adaptation to 
changing conditions. 

>The feed-forward or coordination relations are 
usually complex, probably nonlinear, calculations 
which a digital computer is well-equipped to make. 

The stabilizing effect of feed-forward control is not 
as pronounced as feedback control. In the process 
under study, for example, feed forward can be elim- 
inated, and the process will still be stable, though not 
as well controlled. If the feedback is eliminated, it is 
no longer stable. Thus, feed forward should only be 
used when required—for example, when there is to 
be a major change in operating level (such as during 
process start up). The computer might be solving 
other problems during periods of no change. 

The signal flow diagram in Figure 5 shows one 
possible arrangement for the controllers. The digital 
controller is represented by the area inside the dotted 
lines, which includes the transfer functions G1,, 
and Ga, The continuous controller is represented as 
before by G.,;. In this case the output of the digital 
controller modifies the set-point of the analog control- 
ler. It could adjust the controller constants or the 
valve position f, rather than a,, but the latter is the 
more realistic case. 


CONTROL ENGINEERING 


Although the digital controller could be pro- 
grammed to use the linear control functions (Gt, 
and Gg;«,), it is almost as easy to use nonlinear Equa 
tions Pl, P2, and P3. In effect, a mathematical model 
of the process is constructed in the computer, and vari- 
tions in T, and A, are used to determine desired 
changes in F. Equations Pl, P2, and P3 are program- 
med in the computer, using as independent variables, 
A, and T,. In the general case A,, QO, and T,, could be 
included also. The desired concentration, A;, is used 
instead of the actual concentration A, and the de- 
pendent variable or feed-forward signal is the flow 
rate of coolant, Q., or in dimensionless form, F. 

The change in flow rate could be sent directly to 
the valve, but it is usually easier to modify the con- 
troller set-point. Accordingly, the variable a. is so 
computed that when put into the controller and 
operated on by G,, it will yield the desired change in 
flow rate. It might be desirable to feed a, directly 
to the continuous controller if the digital system is 
not being used; in this case, the calculated set point 
a. is modified by subtracting a,. 

The process itself has already been programmed in 
the computer, and an exact model of it could also be 
programmed for the controller. But such an elaborate 
technique as simulation is not needed and would not 
be justified—a much cruder approximation is good 
enough. For example, it can be assumed that all 
inputs except t, are constant. Equations P] and P3 
remain unchanged, and only the following terms in 
Equation P2 need be considered 


0=QCp(T.—T)— me (T—T ce) —kV A(AH) (8) 


Substituting for constants, the resultant equation 
for f is 


307, — 18045 
20540 —30T, 
A quantity a, must now be computed that will 


yield the desired value of f when operated on by G,,. 
The final expression for the present value of a, is 


nl 
ao 0.52 za.) 


a." = 15,600 +1.33a,""1 —0.332a,."-* (10) 


f=F-F,= —2.60 (9) 


Figure 6 shows the results of a run using a con- 
tinuous controller only and one using a continuous 
controller plus feed forward. The feed forward has 
resulted in a significant improvement in control. 


COMPLETE DIGITAL CONTROLLER 


The last possibility to be considered is the use of a 
digital computer for the complete control action, both 
feedback and feed forward. A general-purpose com- 
puter does not operate at peak efficiency in solving 
any particular problem. Though it is fast enough to 
deliver the valve outputs at the required rate, con- 
tinuous solution of the same set of differential equa- 
tions is probably uneconomic. One alternative is the 
special purpose digital computer which sacrifices com- 
puting versatility for more efficient computing. 

The “Incremental Computer” (see box), a spe- 
cial-purpose machine developed for an airborne-con- 
trol application, was simulated by a special program 





THE INCREMENTAL COMPUTER 











The Incremental Computer, a small, 
lightweight machine designed for a spe- 
cial control application‘, is an extension 
of digital differential analyzer tech- 
niques. The basic operation in a digital 
differential analyzer is an integration 
carried on by a summation process: 
Sydas=ZYAX 
(Figure A). The basic integrator nor- 
mally consists of two registers, R and Y 
(Figure B). The contents of the Y 
register, the initial value Y, plus the 
summation of the AY input pulses, are 
added to or subtracted from the R 
register under the control of the AX 
pulse. The output of the R register is 
its overflow AZ. Thus with— proper 
scaling 
AZ=YAXandTAZ=TVYAX aS yd. 


A scale factor may be added to this 
basic unit, as shown in Figure C. In 
this case, the scale factor, S, is sub- 
tracted from or added to the contents 
of the R register in accordance with 
the value of the AZ pulse. AZ is re- 
ferred to as the signum of the R register 


e.,4Z = +1lifR= 0,and AZ = —1ifR < 0. 
Then 


ZTAZ= (1/S)= YA X= (1/S) Sf vdz. 





Signum A; 














Here it may be noted that AZ repre- 
sents the number of integral times that 
S may be subtracted from the summa- 
tion of YAX and the remainder re 
mains in the R register. 

The Incremental Computer solves a 
single basic equation for each step of a 
program. ‘This basic equation is an 
algorithm that may be rearranged to 
perform many different mathematical 
operations. The equation used (Figure 
D) is: 


Ry =RiAt U;AQi+ Vi-1 AT; —S (AW; —AP)) 


The R, U, V, and S values are 
stored on a drum. The incremental 
values AO, AT, AW, AP, and the in- 
crements AU, and AV, are stored in a 
64-bit core memory. These increments 
may only have one of two values, either 
plus one or minus one, unless the par- 
ticular step is programmed to omit 
that increment from the general equa- 
tion (e.g., if AP is not programmed for 
a particular step, the equation for that 
step is 


R,=Riat Ui4Qit+ Vin ATi —SA4Wi). 


The A quantities represent the inputs 
to a step and the signum of R, repre- 


sents the output of the step. 

Nine mathematical operations may 
be performed by special algorithms 
arising from the basic algorithm. These 
nine are: addition or subtraction, mul 
tiplication, division, square root, inte 
gration, differentiation, integration with 
reciprocal integrand, logarithms, and 
exponentials. Any of these requires only 
one step in a program. Other compu 
tations, such as sine and cosine, are 
also possible but require two or more 
steps. 

As an example, the algorithm is used 
to multiply as follows: If Z = XY, 
represent this by C Z XY, where C 
is a scale factor. In the Incremental 
Computer, let S = C, U i Vo 
Y.. Program AU, AT; AX., Vs 
= AQ: = AYi, and AWia = Zia 
= signum R,S. AP is not programmed 
and therefore equals zero. The basic 
algorithm then reduces to the special 
multiplication algorithm 


Ry = Ria + XiAYVi + VisrdXi CAZ; or 
ARy + CAZs = XiAYi + Yi —1 4X4 


By summing over many cycles and 
noting that SAR, is driven toward zero, 


EY; 1AX EXi;1AY 
4 i) 


C2AZ; = EXiAYi 4+ 
+ AX; 4 Yi = SACXiYi) 


ZY; rAX 
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on the 1103 computer to test a completely digital 
controller. By phrasing the control problem in the 
logic of the Incremental Computer, the results of 
using such a computer to control the process were 
studied. The operating program was thus a dual 
simulation involving the Incremental Computer and 
the process, and both simulations were solved simul- 
taneously in the 1103. 

The signal flow diagram used is shown in Figure 7. 
Since all cumputing is now done in the Incremental 
Computer, the feed forward can be added at the cool- 
ant flow rate, f, rather than at the controller set-point. 
Except for this modification, the diagram is the same 
as in Figure 5. 

Since the digital controller is once again able to 
solve the nonlinear equations with relatively little 
additional effort, these equations, rather than the 
transfer functions Ga,s, and G,s,. were programmed. 
It would be possible to use a nonlinear expression for 
the feedback function G., if that were desirable. 
G.; cannot be eliminated because it is necessary for 
stability; even roundoff errors in the equations them- 
selves will cause the process to become unstable un- 
less G,, is included. For easy comparison, values for 
G., are made the same as before. 


The equations were programmed for the incre- 
mental computer as 


_Q(A.—Ai) 
2.70 X 10%A ;? 
13.9 (T-—T..) 


T = —4.45X 107 ln 


F.+1= 


6,000 . —30.0(T,.—T) —5.4X 10% 
tf 


T 
0 


Where D=13.9 (T—T..) 
d(A;—A) 
dé 


-- 
+221(A;—A) rors f A;—A)dé@ (13 


and were solved in the order indicated. The total 
number of program steps required was 24, of which 
seven were required for Equation 11, eight for Equa- 
tion 12, four for Equation 13, and five for inputs 
not included in the program. The resultant control 
action is quite versatile, providing that the variables 
A,, T., Ai, Q, and T,. be used for feed fotward and 
that A be used for feedback. At the programmed 
speed of 10 computations per second, the computer 
could handle 1,000 program steps. Note that the pro 
gram used accounted for all nonlinearities in Equa- 
tions 1] and 12 (some simplification would be justi 
fied in any actual problem), and that all quantities 
calculated are available for any other control action 
in the computer. Thus control of two or more closely 
related operations requires fewer program steps. _ 


F=F,+ 14,760 


FIG. 7. Signal flow diagram for linearized 
process using single controller for feedbacl 
and feed forward 


FIG. 8. Response of concentration, A, to: A 
—sinusoidal disturbances in A, usi 

tinuous feedback 
computer with 


controller, incremental 
feedback only, and_ incre 
mental computer with feedback and feed 
forward; B—simultaneous sinusoidal dis- 
turbances in A,, Q, T,, and T,, using I 
mental computer with feedback 
forward. 
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Response of 


Figure 8 gives the results of using the incremental 
computer to control the process with an upset in Pies 
Incremental computer control using only proportional, 
derivative, and reset action is essentially identical to 
that of the continuous controller. Again the addition 
of feed forward makes a significant contribution to 
process stability. The disturbance in A, is large 
amounting to approximately a 10-percent change in 
amount of reaction taking place. 

lo simplify interpretation, only one disturbance 
at a time was used in the discussion. The real advan 
tage of computer control, however, is its ability to 
handle a number of disturbances. ‘To illustrate this, 
the process was given the following disturbances: 

Variable 


Amplitude Period 





0.03 lb moles/ft* 5 min 
5 5 min 
10 min 
6 min 


5.0 deg R 
0.005 ft? /sec 
2.0 deg R 


All disturbances are sinusoidal primarily because 
of convenience in programming. Amplitudes and 
periods were selected arbitrarily. The behavior of 
concentration using the Incremental Computer is 
shown in Figure 8B, and it can be seen that control 
is very good. For this run, the computer speed was 
increased to 40 cps, a more realistic speed in that 
scaling and programming problems are simplified. 


Indirect Control 


Up to now it has been assumed that a measure 
ment of product concentration was available. In 
many cases this would not be possible, and it might 


concentratior 
computer with proportional control 


of te 


A, to sinusoidal disturbances in Ao using increme 


ntal 
mperature and feed forward of temperature nt 


et-poin 


be necessary to control some other quantity, such as 
temperature. There will then be a necessary offset 
when changes in operating conditions occur, although 
this offset can be reduced by using feed forward to 
adjust T,, the desired temperature Proporticnal 
feedback control is sufficient to control temperatrrc 
while derivative action is necessary for concentration 
control. If a digital computer is used, the contro! 
action can be nonlinear. The response of the proces 
to an upset in A, using proportional control « 
temperature with feed forward on temperature set 
point is given in Figure 9. Since this control ac 
tion is shown simply to illustrate the above principle 
no attempt was made to optimize the proportional 
constant used. 

Many other modifications of controller action can 
be made. For example, it might be desirable to sens¢ 
temperature and use it on the righthand side of 
Equation 12 even though concentration is sensed also 
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Converting Process Data 
into Controller inputs 


ROBERT O. MAZE, Aeronautical Div., Minneapolis-Honeywell Regulator Co 


CONTROL 


ENGINEERING 


To transfer information from the process to the 
computing-controller, transducers and possibly signal 
conditioning units are required, Figure 1. To specify 
the equipment in this link, four questions must be 
answered: 

What type of transducer is necessary to obtain 
the desired process information? If a suitable 
transducer is not available, what alternatives 
can be considered that are compatible with com- 
puter input requirements? 

How does transducer loading affect the process? 
What signal conditioning equipment is neces- 
sary to match transducer output to controller 
input? 

Is the transduce located so far from the com- 
puting-controller that special data transmission 
techniques are necessary? 

All of these points are considered in the following 
material. Particular attention is paid to the digital 
techniques, since they are in general less well known 
than the analog. 


Transducer selection 


Picking the right transducer involves balancing 
transducer characteristics against desired system _per- 
formance and the input requirements of the controller. 
Characteristics of innumerable transducers are available 
elsewhere. A comprehensive listing of the more basic 
analog transducers has been compiled by M.'T. Nadir’ 
and several books on the subject of industrial instru- 
mentation have large sections devoted to transducers* *. 
Newer devices are covered in technical articles* °. Most 
of the published literature has dealt with analog trans- 
ducers—the digital devices have only recently become 
important and the techniques are changing rapidly. Be- 
sides, many of the so-called digital transducers are so 
similar to analog devices that establishing separate basic 
lists would be redundant. 

A physicist thinks of transducers as devices capable 
of converting energy from one system to another, but 
the control engineer broadens this definition to include 
devices that are capable of converting information 
from one system to another. Under the latter defini- 
tion, devices such as the piezoelectric pickoff and the 
thermocouple, which actually convert energy from one 
form to another, are grouped alongside strain gages, 
synchros, and potentiometers which are not energy 
converters at all but merely modulators of energy 





« 


gno! 
conditioning 
networks 
Transducers 


supplied by excitation sources. Note that certain 
devices, such as ac induction generators, function as 
energy converters even though they are excited from 
an external source. Energy converters are sometimes 
referred to as “self-generating”, particularly if they 
require no external excitation. 

I'he known physical interrelationships offer almost 
an endless source of transducers. Table I lists many 
of the basic physical principles with some examples of 
transducers that make use of each principle. Most of 
these devices are analog, but as will be pointed out 
later, the same principles can be used in digital devices 
or in devices with built-in analog-to-digital converters. 


Transducer specifications 


The list of specifications in Table II helps in the 
selection of a transducer for a particular application. 
Of course, in a given situation all of these may not be 
pertinent, but it is impossible to make any general 
statement as to the most important, since this is a 
function of the system in which the device is applied. 

The importance of the compatibility of transducer 
specifications and system requirements can be illus- 
trated by the selection of a flowmeter for controlling 
the flow of liquids to be combined in a continuous 
flow operation. Assume that the ratio of maximum 
to minimum combined flow is 10:1 and that the mix- 
ture can vary over a ratio of 5:1. The mixture must 
be controlled to within plus or minus 5 percent of 
the desired ratio under the most adverse condition. 
If there is an equal division of error, this combination 
of specifications means that the flow transducer must 
be accurate (terminal linearity, see Table II) within 
one part in 2,000. If suitable flow transducers with 
this dynamic range are not available, it may be advis- 
able to parallel two or more units with overlapping 
ranges, choosing the proper unit for each flow condi- 
tion. 

In this application, the sensitivity specification is 
not important unless the transducer must operate neat 
zero flow. On the other hand, transducer resolution 
must be consistent with the linearity specification, 
i. e., must be much better than one part in 2,000 (say 
1 part in 10,000). The resolution specification 
depends somewhat, however, on the capabilities of 
the computing-controller and the output control 
devices. If either of these has a high threshold, it may 
not be worthwhile to attempt to hold an inordinately 
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critical resolution at the transducer. ‘lemperature 
variations of the fluid usually seriously affect flow 
transducers. In many cases it is most convenient to 
accept temperature errors in the transducer, provided 
they are repeatable, and compensate for them in the 
flow measuring subsystem or in the controller. 

The load that the transducer exerts on the process 
is covered in the specification of input conditions. For 
example, orifice plates, widely used as flowmeters, may 
have to yield to the electromagnetic induction o1 
sonic flowmeter in cases where viscous fluids or very- 
high-velocity flows generate high pressure drop and/or 
noise. Fluid density variation is another input condi- 
tion specification. If extreme density variations are 
encountered, it may be advisable to use a true mass 
flowmeter". 

If the signal output of the flowmeter is not com 
patible with the input requirements of the computing 
controller, auxiliary equipment will be required to 
modify transducer output. Almost all complex meter 
ing devices require output amplification, and this is 
accomplished either in the metering subsystem or in 
an auxiliary amplifier. If the controller is digital, 
analog-to-digital encoding devices will probably also 
be required. 


Coupling the transducer to the process 


Transducer dynamic response and transducer load 
ing on the process are closely related. To show this 
relationship, couple a temperature sensor, such as a 
thermocouple, temperature-sensitive resistor, or therm- 
istor, to a process. Figure 2 shows a simplified electrical 
analog of the sensor in which R, represents the con- 
ductive coupling to the process, Rr the conductive 
heat loss from the sensor, and C, the heat capacity 
of the sensor. The sensor temperature T, and the 
process temperature T, are related by 


T: “an = 2 1 7 

“TT, a= 1+(Re/Rr) +RpCus 
It is apparent from this equation that there are three 
ways of improving the dynamic response of the tem- 
perature sensor to changes in process temperature: 

1. By improving the coupling to the process, which 
is equivalent to reducing Rp. This can be done 
by locating the sensor at a point where the flow 
velocities are greater, or by using a blower or 
agitator. 
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TABLE | 


HOW BASIC PHYSICAL PRINCIPLES 
ARE APPLIED TO SIGNAL TRANSDUCERS 


PRINCIPLE 

MAGNETIC 

Permeability, paramagnetism 

Variable transformer 

Variable reluctance 

Saturation 
CAPACITIVE 

Area, spacing 

Dielectric constant 
RESISTIVE 

Pressure sensitivity 


Thermal effects 


Humidity effects 
SWITCHING, COMMUTATION 


AMPERE’S LAW 
COULOMB’S LAW 
ELECTROMAGNETIC INDUCTION 


THERMOELECTRIC 


ELECTROCHEMICAL POTENTIAL 


PARTICLE AND RADIATION 
ABSORPTION 
Photoemissive, photoconductive 
lonization, fluorescence 


REFRACTIVE INDEX 
THERMAL CONDUCTIVITY 
SONIC 

Doppler effect 

Echo ranging 

Transmission losses 
MOMENTUM 

Newton's Second Law 
DYNAMIC PRESSURE 
BUOYANCY 
VOLUMETRIC DISPLACEMENT 
STATIC PRESSURE 


THERMAL EXPANSION 
PHASE CHANGE 
PIEZOELECTRIC 


MAGNETOSTRICTIVE 

NUCLEAR AND ELECTRON RESONANCE 
VIBRATING WIRE, REED 

GAS PLASMA, ELECTRICAL EFFECTS 
HALL EFFECT 

STREAMING POTENTIAL 


TRANSDUCER 


Gas analyzers, composition analyzers 
Synchro, inductosyn, goniometer 
Microsyn, differential transformer 
Magnesyn, flux-gate magnetometer 


Capacitive pickoff, micrometer 
Liquid-level gage, composition meter 


Strain gage, pressure sensitive plas- 
tics (force, acceleration, pressure) 
Thermistor, resistance thermometer, 
hot-wire anemometer 

Relative humidity sensors 

Mechanical analog-to-digital convert- 
ers, choppers, potentiometers 
Galvanometer, wattmeter 
Electrometer 


Microphones, flowmeters, ac and dc 
tachometers, fluxmeters 


Thermocouple, thermopile, thermo- 
couple pyrometer 

pH meter 

Thickness gage, density meter, infra- 
red gas analyzer 

Photocell, digital pickoffs ; 
Scintillation counter, G-M tube, ioni- 
zation chamber, alpha gage 


Liquid-presence indicator 
Pirani gage, gas analyzer 


Sonic flowmeter 
Liquid level gage, sonar 
Density compensation 


Accelerometers, true-mass flowmeters 
Orifice, venturi flowmeters, pitot tube 
Density meter, level switch 

Free rotor, bellows, vane flowmeters 
Liquid weight gages — pressure cell, 
ubbler 


Gas thermometer 
Phase-change temperature cell 


Accelerometers, force transducers 
microphones 


Microphones, force pickoffs 
Magnetic flux meter 
Accelerometer, pressure gage 
Decker delta transducer 
Magnetic flux meter 

Fluid pressure transducer 





TABLE 1! 
CHECK LIST OF TRANSDUCER SPECIFICATIONS 


ACCURACY 

Linearity is the measure of proportionality constancy between 
input and desired output function. It may be specified as terminal 
linearity or independent linearity. Terminal linearity is the devia- 
tion from the desired function when the function is scaled to in- 
clude zero and maximum output points. Independent linearity is 
deviation from the best-fit straight line. Accuracy of trigonometric 
devices such as resolvers and synchros is often specified in terms 
of equivalent angular error. 

Resolution is always limited by background noise level, but in 
devices such as potentiometers, digital shaft-position pickoffs, 
etc., there is a finite limit to resolution determined by the 
construction of the device. Dead zone is another term used in 
this connection, and backlash may have a similar limiting effect 
on resolution. 

Stability or repeatability is the ability to maintain constancy of 
calibration over a long perod of time despite temperature varia- 
tions or the presence of vibration, shock, or rough handling 


SENSITIVITY 


Sensitivity is usually expressed as the ratio of output to input 
Sometimes referred to as responsivity. 

Threshold is the minimum input level which will cause a corres- 
ponding perceptible change in output. 

Equivalent noise is defined as the input signal that will produce 
an output power equal to the noise. 


INPUT-OUTPUT CONDITIONS 


The kind of input, i.e., mechanical, electrical, radiation, etc., 
and the kind of output must obviously be compatible with the rest 
of the system. The range of usable inputs and outputs must also 
be satisfactory. 

The output impedance must be compatible with the load. 

Input loading on the measured process is important in determin- 
ing suitability of transducers for low power-level processes 
DYNAMICS 

For essentially linear devices the transfer function can be ex- 
pressed by a differential equation. For nonlinear devices, experi- 
mental curves may be required or approximations may suffice. 
Digital devices with triggered readout have dead times; some 
analog devices have fixed delays of sufficient magnitude to limit 
their use. Dynamic effects may be associated with backlash and 
dead zone in an otherwise linear device. 

PHYSICAL CHARACTERISTICS 

Size, weight, shape, mounting dimensions, etc. 
INITIAL COST AND AVAILABILITY 

Be sure to consider complete installation costs when computing 
initial costs. This may be particularly high when retrofitting to 
existing equipment. 

RELIABILITY AND MAINTAINABILITY 


The ability of the device to perform consistently not only in the 
laboratory, but also after being serviced by field personnel. 


TOLERANCE OF ENVIRONMENT 


Can the device maintain required accuracy despite extremes of 
temperature and pressure; corrosive, humid, or dusty atmospheres 
vibration, shock or steady acceleration; and radiation such as gamma 
rays or neutrons. 


POWER REQUIREMENTS 


By reducing the load that the transducer imposes 
on the process. For example, by decreasing the 
heat capacity of the sensor, C,, through the use 
of a less massive construction. 

By adding a compensating network between the 
temperature sensor and the computing-con- 
troller. The lead network of Figure 3, which 
has a transfer function 


Note that the load the tranducer exerts on the 
process can also be reduced by dynamic means as 
well as by redesigning the sensor. An example is the 
use of force balance in force, pressure, and accelera- 
tion transducers. In both force transducers shown in 
Figure 4, a differential transformer is the basic motion 
sensor. In Figure 4A the force being measured is 
resisted by the spring, which in turn loads the process, 
while the output is calibrated to read force per unit 
spring displacement. But in Figure 4B the output of 
the differential transformer is amplified and applied 
to a rebalance motor, producing a force that opposes 
the applied force. With high amplifier gain the dif- 
ferential transformer core moves very little and the 
input loading is low. A tenfold increase in the natural 


1+R,Cs ms 
1+(R,/R2)+RiCs 


Pies 
V; (s) = 


can be used for this purpose where V, is the 
signal input from the transducer and V> is the 
signal output to the controller. 
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frequency is typical of the response improvement that 
can be obtained with this technique. 


Encoding and data transmission 


It is not always possible to place the computing- 
controller close to the process. Economics or physical 
inaccessibility may make it necessary to run long lines 
from the transducer to the controller or to use radio 
comunication links. Reasonably long lines can be 
used with analog transducers, providing the delay 
due to propagation along the link is not an appreci 
able factor in system response, and provided the 
attenuation caused by the cable or tubing is known 
or negligible. However, if high precision is required, 
and particularly if the cable attenuation is variable 
in an uncontrolled fashion, as in a radio link or over 
commercial telephone lines, special techniques such 
as frequency modulation or pulse-code modulation 
must be used. 

The subject of optimum encoding has received 
considerable attention from the information theory 
approach*. A few simple examples will help to show 
the techniques that can be used. Disturbances en- 
countered in transmission systems are of four general 
types: 

1. Pickup of the power frequency or other dis- 

crete frequencies. 

Pulsed random noise, such as atmospheric noise 
(sferics) or cross-talk from pulses in other 

channels. 

Random variations in transmission attenuation, 

such as fading in radio communication or switch- 

ing and amplifier gain variations in wire trans- 

missions. 

Variable signal delay due to ionospheric varia- 

tions or changing cable lengths. ‘This can be 

dismissed as trivial unless interplanetary dis- 

tances are involved. 

The first and second types of disturbances can be 
reduced by choosing a band of transmission frequen- 
cies that minimizes the interference source. If inter- 
ference occurs at discrete known frequencies, effective 
reduction can be obtained by using a carrier frequency 
known to be clear. If there is no prior knowledge 
of clear frequencies, pulsed signals can be used. 
Conversely, if the interference is of a pulse nature, 
data transmission by narrow-band signals such as 
frequency modulation will minimize pickup. Attenu- 
ation variations can be counteracted by encoding 
the information in terms of time rather than ampli- 
tude, as in pulse-time or frequency modulation. 
Where signals are transmitted over more than one 
communications channel, interference can often be 
minimized by correlation detectors or the less sophis- 
ticated but similar coherent phase detectors. 


Digital transducers 


Digital data is defined as the information present 
in a signal in terms of the presence or absence of 
specified levels, including the presence or absence 
of a given polarity or of discrete separable levels of 
output. Serial digital data consists of a pulse train 
on a single channel, with the information repre- 
sented by discrete levels occurring in a given sequence. 
Serial digital transmission might be considered nor- 
mal, since parallel transmission wastes communica- 
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FIG. 3. Lead networt 
for improving transducer response 


tion channels except when interconnecting compon- 
ents within or physically close to the computing- 
controller. In parallel digital transmission the exact 
time that the pulses occur may not be important, 
since the information is represented by the presence 
or absence of various combinations of discrete signals 
on a number of parallel channels. To transmit 
binary digital data, only two discrete levels are used, 
the ON signal at some arbitrary positive level and 
the OFF signal at zero level or in some cases at an 
arbitrary negative level. 

A digital transducer is a measuring device that pro- 
duces a digital output signal representing the meas 
ured quantity. Not all of these devices produce a 
digital output compatible with the associated digital 
computing-controller. In some cases the digital out- 
put consists merely of pulses, with the number of 
pulses corresponding to the measured quantity. Here, 
and in other cases where the transducer does not 
directly produce a compatible code, code conversion 


FIG. 4. Force transducer without force 
balance, A, and with force balance, B 
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is necessary. ‘This is accomplished in a separate codc 
converter and sometimes in the computer _ itself 
through suitable programming. 

The characteristics of the quantity being measured 
(is this quantity basically digital, i.e., countable in 
discrete units, or is it actually analog?) determine 
the feasibility of a digital transducer. Most quanti- 
ties are analog in the sense that they vary in an 
essentially continuous manner. Examples of basically 
digital information are the number of units passing 
a given point in an assembly line, the number of 
identical pellets of an additive introduced into a 
mixture, and the number of strokes of a pump or a 
press. Analog quantities include temperature, fluid 
flow, mass, etc. 

Physical quantities are all fundamentally digital 
in the sense that they vary in discrete quanta or 
steps. The quantity of liquid in a container is best 
described by the number of each type molecule 
(or ion) that is present. Radiant energy measure- 
ment involves the detection of discrete photons, alpha 
particles, or other types of particles. On this basis 
it might be argued that the ultimate in transducers 
are digital devices based on the principles of quantum 
physics; e.g., by counting molecular collisions. 


Unfortunately, this ultimate digital nature of the 
universe is normally of little value to the control 
engineer. ‘The processes that interest him are going 
on at a scale where macroscopic measurements are 
necessary. ‘The cost of equipment sensitive enough 
to measure down to the nearest quantum is not 
warranted. Even in situations where separate events 
can be measured, the randomness of natural processes 
causes difficulties. 

Therefore, the conclusion is that almost all trans- 
ducers are basically analog devices. Digital trans- 
ducers are generally analog devices that have the 
ability to convert to digital output. ‘The only excep- 
tions are found where quantities are measurable to 
the required degree of resolution to obtain readings 
interpretable in terms of individual quanta. The 
required resolution varies considerably, since the in 
dividual quanta might be railroad cars on one hand 
or fundamental particles such as electrons or photons 
on the other. 

Several mechanical input transducers with integral 
digital conversion are available for measuring angular 
displacement (shaft position)*** and linear mo- 
tion” “. A number of devices have been constructed 
for measuring such things as pressure, tempera- 
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ture, fluid flow, and other quantities in digital 
terms. Digital output devices other than shaft posi- 
tion and linear motion encoders tend to be as complex 
as comparable units using an analog transducer and 
an analog-to-digital converter. For this reason, if 
an analog quantity other than mechanical motion is 
to be transduced and fed into a digital computer, 
it is generally advisable to use analog transducers, 
a sampling switch, and a single voltage-to-digital con 
verter” “. Of course there are exceptions to this 
rule: data transmission problems may require digita! 
encoding, the rapidity of switching may make me- 
chanical switches unsuitable, and sometimes a unique 
digital solution is available that just fits the appli- 
cation, 

There does not appear to be a rapid trend toward 
the development of digital devices based on the 
inherent digital nature of physical processes. Instead, 
packages that combine an analog transducer and a 
converter will probably be used where the remote 
location of a transducer makes it desirable to trans- 
mit digitally encoded data to the computer-controller’. 


Time coding of analog data 


By definition, analog pulse-time and frequency- 
modulated signals are not classified as digital since 
they are not quantized. However these coding tech- 
niques yield many of the advantages of strictly digital 
codes, particularly freedom from transmission atten- 
uation effects, ease of switching, and ease of storage. 
Signals of this type are produced by radar and sonar, 
by some flow and quantity meters, and by trans- 
ducers that yield a frequency output corresponding 
to the measured variable. Also, incremental digital 
shaft-position quantizers produce signals resembling 
analog pulse-time since the duration of the output 
pulses is not restricted to discrete time intervals. 


Matching coded data to the computer 


Where a transducer can provide upon command a 
digital output of acceptable level in the computer 
code, matching this transducer output to computer 
input merely requires triggering the command signal 


at the proper time. Usually this ideal situation does 
not prevail and provision must be made for matching 
the timing and possibly the code of the transducer 
output to the computer input. 

Figure 5 shows the circuits for handling three 
common types of transducer outputs. In Figure 5A 
the output of a parallel digital device, such as a 
contactor shaft-position pickoff, is fed through a mul- 
tiple gate to a register. If the transducer output 
code is not the same as the computer code a con- 
version matrix can be incorporated in the register, 
but it is usually more economical to modify the 
transducer to match the computer. The gated input 
to the register prevents errors due to changes in 
transducer output during the read period. This 
assumes that the transducer itself incorporates an 
unambiguous arrangement that prevents erroneous 
signals from reaching the gate during transition 
periods” ™. 

In Figure 5B a pulse-time-modulated transducer 
such as an echo-ranging device that is unable to 
operate on the computer time scale produces signals 
that are alternately counted and stored in one of 
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FIG. 6. Transducer response curves 

A. For first-order (such as a temperature 
and second-order (such as a spring-« 
displacement sensor) systems 

B. For a piezoelectric accelerometer 


the two counter registers. Two registers are required 
to prevent erroneous signals caused by changes in 
the count during a readout period. ‘liming signals 
derived from the transducer output cause gates A 
and B to operate so that the count is stored alter- 
nately in registers I and II. The same timing signals 
cnable C and D in the opposite sequence so that 
the nonactive register is always available for readout. A 
simpler system may be satisfactory if it is permissible 
tor an occasional erroneous reading to reach the com- 
puter, or if it is possible to synchronize the computer 
with the transducer or vice versa. 

Figure 5C shows the circuitry that is necessary 
when the transducer puts out a pulse for cach incre- 
mental increase in input. Outputs A and B are 
identical but are arranged to be 90 deg out of phase 
relative to the transducer input position. The two 
outputs and the gates, inverters, and reversible coun- 
ter are necessary if counting is to be done in either 
direction. The circuit beyond the counter is similar 
to the parallel system of Figure 5A. Note that the 
incremental counter circuit requires continuous oper- 
ation—momentary power failure causes loss of the 
zero reference if the input changes during the off- 
time, even though the register is nonperishable. 


Signal spectral probability 


Transducer response depends on how it is coupled 
to the process as well as on transducer characteristics. 
Mechanical-displacement sensing devices can be rigidly 
fastened to the moving member whose position they 
are to measure without any effect on system response 
other than a slight increase in the mass of the moving 
member. If the transducer is coupled by means of 
an intermediate elastic member, it will have the 
response of a second-order system as shown in Figure 
6A. The temperature-sensing element discussed 
earlier has approximately a first-order response, also 
shown in Figure 6A. A device that has the char- 
acteristics of a second-order mechanical system but 
which is not directly coupled clectrically to the 
output responds as shown in Figure 6B. An example 
of the latter is a piezoelectric accelerometer, which 
may have an essentially flat response from 20 to 
more than 10,000 cps. 

Figure 7A shows a typical spectral probability curve 
for direct output devices. The shape of an actual 
curve depends on the input spectral distribution, the 
significant points being that very little information 
lies to the right of the transducer natural frequency 
f,, and that a bandwidth of about twice this fre 
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quency is adequate for transmitting this information 
without noticeable loss. There is no difficulty in 
designing suitable bandwidth amplifiers (buffers, line 
drivers, etc.) for signal amplification. This is usually 
also true for modulated carrier devices such as differen- 
tial transformers, synchros, etc., which have a spectral 
distribution similar to that shown in Figure 7B. 
When the carrier frequency is above the audio range 
it is advisable to use tuned amplifiers, since they 
are capable of more gain per stage and single tuned 
circuits yield adequate bandwidth. 
Impedance matching 

Certain transducers, such as piezoelectric acceler- 
ometers and force pickoffs, capacitive pickofts, photo- 
cells, resistive humidity sensors, pH meters, and 
ionization cells present special impedance matching 
problems. If long-term drift can be _ tolerated, 
cathode followers can be used to match high-imped- 
ance devices to lines up to several hundred feet in 
length. Usually the signals should be amplified to 
levels where the peak output is 100 milliwatts or 
more, since this minimizes the effects of low-level 
crosstalk. If the signal is de it will probably be 
necessary to use an ac amplifier with‘ modulation 
and demodulation. Many types of modulators are 
available for this purpose”. 


Filtering 


Matching commercially available digital transducers 
to computing controllers is usually more a problem 
of encoding and readout (involving the techniques 


FIG. 7. Spectral probability curves. 
For direct output devices. 
B. For modulated carrier devices. 
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explained above) than signal amplification or condl- 
tioning. The exception is where very long distances 
are involved. Where amplification is necessary, noise 
buildup can be prevented by nonlinear circuitry, as 
shown by the waveforms and gain characteristic 
of Figure 8. Note that an amplitude margin must 
exist or spurious output signals will be produced. 
More sophisticated filters can be used, but a cheapet 
solution is to maintain an amplitude margin sufh- 
ciently large to avoid the need for additional filtering. 

Note that despite the use of nonlinear amplifi 
cation there is some uncertainty as to the exact 
timing of the leading and trailing edges of the pulse. 
The finite slopes at these points are particularly 
noticeable when the noise voltage resulting from 
long-distance transmission varies the instant at which 
the amplifier output changes value. All pulse cir- 
cuits exhibit this jitter to a greater or lesser extent 
and a certain amount can usually be tolerated by a 
computer. 

If noisy amplitude-modulated signals are to be 
converted to digital signals, it is usually best to filter 
in the analog form before encoding. If the noise 
has a constant power-density spectrum (white noise), 
the frequency response of the filter can be selected 
to match the probable spectral density of the signal. 
If it has other characteristics, it may be possible to 
apply statistical design principles to the selection 
of a suitable filter. 
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From Controlier Output 
to Process Actuation 


JOHN M. SALZER, Magnavox Research Laboratories 


THE GIST: The preceding articles in this 
issue deal with information handling— 
the problems of obtaining low-level sig- 
nals proportional to process variables 
and combining and manipulating these 
signals in a computing controller to 
generate output commands. But from 
this point on, power must be handled 
as well as information, because the out- 
put commands must be amplified to a 
level capable of effecting process 
changés through actuators. It soon be- 
comes apparent that accuracy and high 
power present somewhat conflicting re- 
quirements, and, indeed, one of the 
major reasons for using closed-loop 
systems is to place the burden of pre- 
cision on low-power measuring devices 
and avoid the necessity of calibrating 
high-power effectors. 

Although the emphasis here is on 
joining a computing-controller to a 
process, the techniques are those of 
any control system: transmitting the 
controller output command to the vi- 
cinity of the process, possibly convert- 


ing it to another form amplifying it, and 


applying it to an actuator to effect 
process changes. Author Salzer treats 


these points, starting at the actuator 


and working back to the controller. 


A typical link connecting a computing controller 
to a process is shown in Iigure 1. ‘The output com 
mand is in the form of an electric signal, amplified 
and converted to a mechanical displacement. ‘This 
displacement is the input to a hydraulic amplifier 
whose output is finally powerful enough to drive the 
actuating valve. As power is added at each stage of 
amplification, it is difficult to maintain the propor 
tionality factor without appropriate feedback loops 
It is true that the process variable measurement 
fed to the controller, but the time constant around 
the whole system is likely to be too long to produce 
a corrective command in time. ‘Therefore, it 
essential to incorporate feedback loops around the 
various stages of amplification to counteract signal 
degradation as power is added. 

Besides amplification, signal conversion and trans 
mission are also performed in the link between the 
controller and the process. The order of these func 
tions depends on the specific application, and the 
functions themselves are often intermixed. Signal 
conversion may occur during amplification, and either 
of these actions may take place at various points in 
the transmission link. Sometimes not all of the 
functions are necessary. 

I'he power level of measurement and computation 
is usually unimportant, the primary concern being 
the information content of the signals. In the link 
between the computing-controller and the process 
however, the power level becomes a design objective. 
I'he signal appearing at the output of the controller 
can be likened to a trigger that controls the releas« 
of power (amplification) at the proper place (trans 
mission) in the proper form (conversion). 

I'he controller-to-process link can take a variety of 
forms depending not only on the process and th« 
controller, but also on practical considerations and 
on the designer’s imagination. The following discus 
sion, starting at the actuator and working back to th 
process, covers some of the components and tech 
niques that can be used in this link 


Actuation 


Considering the tremendous variety of automati 
industrial and military processes, it is surprising to 
find only a limited number of basically different 
actuating mechanisms. The whole gamut of final 
process yvariables—temperature, pressure, liquid level 
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flow rate, machined shape, humidity, weight, alka 
linity, etc.—can be controlled by a liquid flow, a linea: 
or angular displacement, or a rate of displacement. 
As flow is regulated by the motion of a valve or pump, 
so the final controlled output is a movement or rate 
of movement of an actuating element (the valve 
stem or pump shaft). The only obvious exception 
occurs when electric power is modulated, and even 
here the final control is often through a displacement. 

Liquid or gas flow is the means for controlling a 
host of chemical and physical processes. For liquids 
under pressure, valve motion can act as the passive 
actuating element. Figure 2 shows three common 
valve configurations. ‘The diaphragm-operated valve 
is suitable for controlling the flow of high-pressure 
fluids, the operating medium—air or oil—moving the 
diaphragm. Continuous control electrohydraulic and 
all-electric valve actuators are also now available. ‘The 
valve opening area can be made proportional to 
diaphragm motion or to an arbitrary function of it 
(see Reference 1, pp. 84-98, and Reference 2). For 
on-off duty a valve can also be solenoid operated. 
Butterfly or louvered valves are usually used to con- 
trol the flow of gases at moderate pressures, although 
some models of butterfly valves are available for high 
pressure liquid service. 

Pumps can be used to actively control flow, Figure 
3. Gear and piston pump operation requires no 
explanation. The vanes of the vane pump slide in 
and out of the rotor, sucking liquid in, then scoop- 
ing it around, and pushing it out the other side. All 
three types of pumps normally have a fixed displace- 
ment, so that flow rate can be varied only by chang 
ing the speed of the prime mover. Variable-displace- 
ment piston pumps are also widely used. 

Electric motors are most widely used for controlling 
displacement and speed. Positioning the work and 
cutting tools on a machine tool, controlling register 
for multicolor printing, maintaining proper rolling 
speed on a mill, and tracking a target by radar are 
only a few of almost innumerable applications. For 
high accelerations or where sudden full-speed opera 
tion is required, a constant-speed motor can be 
clutched to the load. Proportional clutches and coup 
lings such as eddy-current or magnetic-particle clutches 
and certain types of fluid couplings can be used for 
continuous control. 

Where linear displacements involve large forces 
and high performance requirements, hydraulic ot 
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pneumatic cylinders are usually preferred as actuators 
because of their direct linear-motion output and their 
compactness and high response characteristics. Rotary 
hydraulic motors similar to the pump types of Figure 
2, and limited motion rotary hydraulic actuators are 
being used in high-hp. systems for the same reasons’. 

In some processes, actuation is by the controlled 
flow of electric power rather than by mechanical 
motion or fluid flow. ‘Temperature control by electric 
current is a good example. In resistance welding, cur 
rent is regulated in conjunction with work movement. 


Amplification 


The command signal generated in a computing-con- 
troller may require conversion to the correct form as 
well as several stages of amplification before it can 
actuate the final mechanism. Both conversion and 
computation may take place during amplification; 
that is, an electrical signal may be amplified and 
converted to mechanical form, or integration and 
similar transfer properties may be incorporated into 
the amplifier. 

On-off control is the simplest form of amplification. 
A low-power signal can energize a relay capable ‘of 
handling a much higher power level, and relays can 
be easily cascaded to achieve very high gains. 
Mechanical and magnetic clutches will operate on 
much lower levels of energization than the mechanical 
energy they can transmit. Solenoid-operated valves can 
cause sudden changes in flow or pressure. Note also, 
that the solenoid as well as the magnetic clutch con 
vert one form of energy to another. 

Electronic amplifiers, both tube and transistor, are 
used extensively to raise the level of the controller 
output signal to a power level capable of operating 
large relays, solenoids, electric motors, or generators. 
Ac amplification is most widely used because of the 
drift problem in electronic de amplifiers. In an ac 
servo system, the magnitude and sign of the signal 
quantity are generally represented by the amplitude 
and phase of the ac waveform. In low-powered sys- 
tems (under a few hundred watts), the ac signal 
may be fed directly to the control winding of a two- 
phase servomotor. Dc amplification is often circum- 
vented by ac amplifiers, modulating the dc input and 
demodulating the ac output. 

An important type of electronic amplifier uses gas 
tubes for greater power amplification. The three- 
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element thermionic gas tube, the thyratron, can be 
used in circuits supplying as high as 40-amp peak 
currents (see Reference 4, p. 80, and References 5 
and 6). If an ac voltage is applied across the plate 
and cathode of a thyratron, the tube will “fire” (start 
conducting) when the grid becomes positive during 
the positive half-cycle, and “extinguish” (stop con- 
ducting) at the end of this half cycle on the plate. 
By controlling the phase of an ac signal to the grid 
or by controlling the de bias on the grid, a thyratron 
can be made to fire at any time during the positive 
half-cycle on the plate. This technique, which varies 
the average of a pulsating direct current, is widely 
used in many de motor speed control systems, Figure 
4. Thyratron circuits are also used to control the 
ignitor (trigger) of ignitron tubes. A mercury-arc 
device, an ignitron can supply peak output currents 
up to thousands of amperes (see Reference 4, p. 81) 
and is often used as the final stage in welding-contro] 
and speed-contro] systems." 

Where reliability and the ability to withstand shock 
and vibration are essential, magnetic amplifiers are 
often preferred to electron-tube amplifiers. Magnetic 
amplifiers modulate the flow of ac power in accord- 
ance with a dc control input. Their output is usually 
rectified to provide suitable signals for the next circuit 
or for integral compensating winding. The de signal 
applied to the signal windings affects the degree of 
saturation of the magnetic core, varying the imped. 
ance of the ac winding and controlling the alternating 
current output to the load. The size and the response 
time of magnetic amplifiers decrease at higher operat- 
ing frequencies, so that 400-cps ac supplies are 
usually used in preference to 60 cps. ‘Temperature 
limitations are being overcome by the development 
of improved core materials. 

Electromechanical rotating amplifiers are used in 
high-power applications. A generator can deliver 20 
times the power required to excite its field windings. 
Two generators can be readily cascaded but such a 
combination has poor response characteristics. The 
amplidyne is a rotating machine that can be thought 
of as two cascaded generators in one frame. It is 
smaller, however, responds faster, and is capable of 
greater power amplification. Power gains vary from 
700 to 100,000 (see Reference 8, p. 184) and current 
gains from 300 to 2,000 (see Reference 4, p. 427). 

Even more important than the rotating amplifiers 
are the electric motors that amplify electrical power 


and at the same time convert it to mechanical form. 
The most widely used ac servomotors are of the two- 
phase induction type. These units have a main field 
winding energized from a constant reference supply, 
and a control field in space quadrature to the main 
field. The input to the control winding is 90 deg 
out of phase with the reference supply; the direction 
of rotation depends on whether the control signal 
leads or lags, while the speed of rotation depends on 
the magnitude of the control signal. A typical two- 
phase servomotor has a nearly straight line speed- 
torque curve of negative slope, which means that the 
highest torque is available at stall and internal motor 
damping is approximately constant over the whole 
speed range. However, these motors are inefficient in 
the larger sizes; consequently, de systems are used 
when the power required is over a few hundred watts. 

The thyratron control of de servomotors has already 
been briefly covered. In the output-position/input 
voltage transfer function of an armature-controlled de 
motor, there is an integration term (because motoi 
speed varies with armature voltage), and usually a lag 
term (resulting from motor inertia and damping). 
Another lag term is often present in the transfer func 
tion of an ac servomotor because of the effect of 
winding inductance. In positioning applications, the 
integration term assures zero steady-state error, the 
positioning accuracy being dependent on the accuracy 
of the low-power displacement transducer. 

Hydraulic amplifier output-position/input-position 
transfer functions also have an integration term, and 
this is acompanied by a damped oscillation term 
rather than by a sample lag. With hydraulic ampli- 
fiers, simple mechanical feedback will yield an output 
displacement proportional to input displacement. 
Figure 5. If the control valve is moved slightly to 
the left, high-pressure oil is passed to the left-hand 
end of the ram cylinder, oudlinn the ram piston to 
the right. If the follow-up link were not connected 
to the piston rod, the latter would continue to move 
to the right at a substantially constant velocity, 
demonstrating the integrating action noted above. 
With the followup link connected, however, the sleeve 
is moved to the left until the inlet and outlet oil 
passages are blocked. The proportionality factor relat- 
ing input to output motion depends on the position 
of the feedback link fulcrum. 

Hydraulic systems are efficient, extremely compact, 
fast, and are capable of high torque outputs, but all 
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high-pressure liquid-powered systems have the annoy 
ing and sometimes overpowcring problems of leakage, 
transmission, filtering, and trapped air. However, 
hydraulic systems are unmatched where specifications 
call for high torque and small size. Aircraft control 
surfaces and gun mounts are generally driven hydrau 
lically, and so are many new military and industrial 
systems. The hydraulic amplifier of Figure 5 is but 
one of many types. In another approach to hydraulic 
amplification, the power output or flow rate of a 
constant-speed variable-displacement pump is varied 
by changing the pump stroke*. Often the stroke 
changing input motion comes from a preceding stag¢ 
of hydraulic amplification (Figure 5). 

Hydraulic and pneumatic amplifiers that use the 
flapper-nozzle technique are available. As shown in 
Figure 6A, output pressure (or volume) depends 
on the position of the flapper controlling drain 
through the nozzle. Many electrohydraulic servo 
valves and pneumatic controllers use this device. 

If the output of a pneumatic flapper-nozzle ampli 
fier drives a piston, the latter’s speed is proportional 
to input flapper position. This is another illustration 
of the integration effect, already noted in connection 
with electric motors and hydraulic amplifiers. How 
ever, piston or diaphragm motion is usually opposed 
by a spring, as in the valve of Figure 2A. Here pneu 
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matic and spring forces balance to establish output 
position, presenting an open-loop libration prob 
lem. Figure 6B shows a feedback arrangement that 
aids in fixing the output pressur¢ The bellows 
measures the output pressure and produ 1 motion 
that subtracts from the input 


Signal conversion and transmission 


The actuator and final stages of power amplifica 
tion must, of course, be near the process, but th 
computing controller may be some distance awa\ 
And if it is, the command signal can be transmitted 
by techniques identical to those discussed in the pr« 
ceding article. But regardless of the way the transmis 
sion is accomplished, the output of the computing 
controller must be made compatible with the ampli 
fier input requirements. Often conversion and 
amplification occur at both ends of transmission 

An analog computer is likely to generate a mechani- 
cal position or an ac or de signal as the analog of the 
computed command. A mechanical displacement can 
be directly applied to hydraulic or pneumatic ampli- 
fiers, but must be converted if electronic or clectrical 
amplifiers are used. A potentiometer (resistive, induc 
tive, capacitive, etc.) is an obvious way of converting 
a shaft position to either an ac or de signal, although 





linearity and resolution may present problems with 
certain types of pots. Ac voltages proportional to the 
sine of a shaft angle can be produced by resolvers and 
synchros. Rectilinear inductive devices such as the 
linear differential transformer are useful for converting 
straight-line motions. 

\fter amplification, ac or de signals can be con 
verted to mechanical displacements by means of sole- 
noids, torque synchro receivers, or torque motors. Ac 
ignals are more easily transmitted, and for this reason 
de signals are often modulated before transmission 
both types of signals may be converted to digital 
form for telemetering over long distances). At the 
receiving end, a servo amplifier minimizes the loading 
effect on the transmitted signal. 

Where the computing controller is digital, the 
conversion and transmission techniques are usually 
decidedly different. Of course, the digital command 
signal can be immediately converted to analog form so 
that the techniques described above can be used 
except for added necessity of storage or interpola- 
tion), but this approach may not be the most efficient, 
yarticularly when data transmission is involved. 

[he output of a digital computer is a periodically 
calculated numerical result—it is in digital form and 
it is sampled. Thus there are two stages in making 
such a signal compatible with the amplifiers and 
ictuators of a control system: conversion to analog 
form, and interpolation from sample to sample. 

Most general-purpose digital computers and some 
pecial-purpose ones calculate a new full value of the 
output variable during cach computing cycle—so-called 
ibsolute computation’. Figure 7A shows a straight 
forward way of converting such a full digital valuc 


to a de voltage. The digital output command is held 
in a register, each digit of which controls appropri 
ately weighted currents or voltages. Summing these 
signals yields a de voltage proportional to the num 
ber. If the data is to be transmitted, it would prob 
ably be in digital form prior to conversion 

The interpolation or storage of data between coi 
puted samples is accomplished in the digit il register, 
a very expensive picce of equipment. The high cost 
and attendant complexity of associating a separate 
digital storage device with each output variable often 
leads to time-sharing the register and conversion net 
work between several output commands, Figure 7B 
Here, a relatively simple capacitor-amplifiet combina 
tion provides interpolation or storage for each data 
channel in the analog form. 

Figure 7C shows an entirely different philosophy 
of conversion. At each sampling instant the digital 
counter is filled with the command signal from an 
absolute computer. A constant-frequency pulse source 
is then used to count down to zero, producing a num 
ber of pulses equal to the size of the sample. Thes 
bursts of pulses are converted to proportional time 
intervals, and averaging this waveform gives the desired 
proportional voltage. If necessary, any one of the 
forms—the original sequence of digits, the pulse pach 
or the width-modulated pulses—can be transmitted 

One way to obtain a shaft position proportional to 
1 number is to use the output of th onversion 
method shown in Figure 7A as the input 
tional analog servo. Another way is to use a digita 
servo, Figure 8. The serial digital subtractor yields 
the digital difference between the new computed 
sample and the digital representation of actual shaft 
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position. The digital difference need only consist 
of a limited number of digits, and the conversion 
device can be rather crude since it only affects the 
servo loop gain. As long as the loop is stable, the 
static accuracy of the system depends on the precision 
of the shaft-position converter. 
Another digital computer—the incremental type 

computes only the change in output during each 


cycle. Digital differential analyzers belong to this 
class. The ternary incremental computer permits a 


positive, negative, or zero change in any quantity, 
but even simpler arithmetically is the binary (also 
called dinary) system, which is biased so that a posi- 
tive increment is represented by a pulse, a negative 
increment by the absence of a pulse, and a zero incre- 
ment by a pulse in one cycle and none in the next. 
In any case, binary-to-ternary conversion is simple. 

To obtain a de voltage proportional to the full 
value of the output, the increments are first accumu- 
lated in a counter as shown in Figure 9A and then 
converted by one of the methods shown in Figure 7 
In another conversion technique, Figure 9B, a stand- 
ard pulse is formed for each increment and the pulse 
areas stored in an analog integrator. This technique 
can be used with either ternary or binary increments, 
since the proper bias can be restored in the integrator. 
System accuracy depends on the integration and on 
how precisely the area is held under a standard pulse. 
Slow drifts may be permissible where the conversion 
chain is part of a sufficiently tight feedback loop. 

One of the most direct ways to obtain a shaft posi- 
tion from the output of an incremental computer 
features a notching or stepping motor”. As shown 
in Figure 10A, each amplified pulse steps the motor 
one, and only one, increment in the proper direction 
As an alternate technique, Figure 10B, a continuous 
motor can be servoed in steps. Incremental changes 
in motor position and the direction of these changes 
are sensed and subtracted from the corresponding 
incremental commands. A short two-way counter 
tracks the positional error, and a crude converter tells 
the motor which way to run and how fast. 

In a third type of digital computer—the pulse-rate 
computer! the average rate of a pulse train represents 
the variable of interest. This type differs from the 
incremental computer in that the rate of increment: 
or pulses in the latter is proportional to the rate of 
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change of a quantity rather than to the quantity 
itself. The conversion scheme of Figure 11A gates 
the pulse train over a fixed period, yielding a count 
that represents the average pulse rate. This full-value 
number is then converted to a dc voltage by one of 
the methods already discussed. While the counter 1s 
cleared and used for the next count-up, the de voltage 
is stored by analog means. Figure 11B shows another 
conversion technique. This one is not completely 
satisfactory because the pulse rate is often quite irregu 
lar, making it difficult to generate sinusoidal waves, 
and the frequency discriminator has to contend with 
a wide range of frequencies. 


Power sources and distribution 


Amplification is the controlled release of 
For the amplifiers discussed here, power must be 
available in electric, hydraulic, or pneumatic form. 

By transmitting and distributing electric power, 
whole systems can be supplied from a central source. 
In an aircraft electric system, for example, 400 cps, 
three-phase ac and several levels of de are available 
for use anywhere in the plane. The electric powe: 
for a processing or manufacturing plant comes from 
a custom-tailored system utilizing ac and de voltages 
at various levels. It is often converted to dc right at 
the point where the de is to be used. This can be 
advantageous because of the efficiency of transmitting 
ac and the availability of high-quality rectifiers. ‘Th« 
same is true of 400-cps ac when it is required for indus- 
trial systems. As other forms of energy are required 
in various locations, they are generated from electric 
power. 

Hydraulic power is usually generated at the point of 
use by electric-motor driven pumps. These may be 
constant-displacement constant-speed pumps generat- 
ing power for several actuating functions, or variable 
displacement pumps for the direct control of a single 
function. Where distances are relatively short, a cen 
trally located pump may be used and the high-pressure 
fluid distributed through piping. Pressures up to sev 
eral thousand psi are common. However, while oil 
is essentially incompressible, piping expansion and 
trapped air lend a compressibility effect to the system 
that causes additional damping and lag. The practical 
problems of oil filtering and pressure-tight fitting 
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FIG. 11. CONVERTING PULSE-RATE 
DIGITAL VALUES TO DC VOLTAGES 


A. By digitally measuring frequency 
B. By directly measuring frequency 


must also be considered by the designer—-the hazards 
caused by leaking oil are often intolerable. 

In pneumatic installations, central compressors 
usually supply a complete plant or system. This is 
because the problems of air fitecing and vapor content 
reduction by cooling and draining make individual 
compressors impractical at the points of use. Since air 
is highly compressible, distribution systems using large 
amounts of tubing or piping have little effect on this 
variable; however, if high flow is required, pressure 
losses can be substantial. Actually 30-to-40-ft lengths 
of tubing help damp out oscillations (see Reference 1, 
p. 215). Pressures in industrial pneumatic supply 
systems range from 50 to 100 psi. 

Safety is an important consideration in the selection 
ind design of power systems. Designs should be fail- 
safe so that power interruptions cannot cause equip- 
ment damage or personnel injury. A valve that con- 
trols the flow of dangerous chemicals should be norm- 
lly closed, so that loss of control air pressure will 
leave it closed. A gun barrel should not drop from 
its elevated position if a hydraulic power supply fails. 
hese are obvious precautions and are instrumented by 
elaborate interlocks, electrical and mechanical, which 
are incorporated into the power supply system. 


Design hints 


Power efficiency and signal accuracy must be con- 
sidered in choosing a signal and power system. Since 
the power requirements for actuation are often quite 
high, efficiency becomes an important economic con- 
sideration. So does the static accuracy of specific com- 
ponents, which must be compatible with signal 
requirements. The development of new components 
may sometimes be justified. 

In cases where the computing-controller trims a 
conventional process control system, the command 
signal from the computer may represent a required 
change in set-point on a conventional electronic or 
pneumatic controller; for example, it may indicate a 
new controlled level of temperature, pressure, or flow. 
Since the set-point of many conventional controllers 
can be changed by means of a shaft rotation, a low- 
power-level electric-input/angular-position-output servo 
can usually be used to make this adjustment in accord- 
ance with the command signal. 

The importance of dynamic considerations varies 
from application to application. The controller-to- 
process link is part of the major loop of a feedback 
control system, and as such, may seriously influence 
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the operation of the whole system. In processes having 
long time constants, such as chemical processes, the 
delays and lags due to transmission, amplification, 
and actuation are often negligible, so that a simple 
dimensional gain constant can satisfactorily describe 
the elements of the link. In processes having short 
time constants or high natural frequencies, such as 
flight control systems, the specific characteristics of 
the command-to-process link become extremely critt- 
cal and dynamically inseparable from the design of 
the whole system. The specific transfer function of 
each element in the link must be carefully considered 
in the system analysis, and certain ones may have to 
be modified and adjusted during the iterative steps of 
the design procedure. Even more difficult is the prob- 
lem of appropriate design for variable processes or for 
systems in which the limits of operation include 
saturation and other nonlinear effects in the forward 
link. 

Though the basic idea of getting the computed 
command to the process is straightforward, its realiza 
tion is often an elaborate engineering task. Feedback 
control theory, power-engineering practice, and com 
plete understanding of the application must be com- 
bined to yield suitable results. 
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~ Role of Statistical Computation 
in Machine-Tool Feedback Gaging 


Increasing demand for 100-percent inspection in parts manufacturing has brought 


the statistical quality-control computer close to the feedback gaging loop. 


Described here is a mechanization of the statistical concept of “precontrol’”, 


wherein the Gaussian curve computed for a given application is designed directly 


into the circuit, Innovations include selective, rather than continuous, response 


and the use of statistical mathematics as criterion for process adjustment. 


DAVID N. SMITH 


Jones & Lamson Machine Co. 


With the increasing emphasis 
placed on product quality through 
the years, the inspection station has 
moved steadily toward the point of 
manufacture. Although the customer 
was once the first who bothered to 
look for flaws, equal responsibility 
has long since been assumed by the 
manufacturer. And, even within the 
latter’s plant, a shift can be noted— 
trom the shipping room back to the 
machine tools that make the product 
components. In some of these ma- 
chines, in-process gaging systems are 
working with feedback controls that 
adjust the tool settings to compen- 
sate for any tendency of the output 
to run out-of-tolerance. 

Although feedback gaging is clearly 
a part of the science of quality con- 
trol, most ventures into automatic 
feedback gaging have been made with- 
out attention to the mathematics of 
statistics, which have done so much 
to upgrade quality-control techniques 
to their present level and to give the 
designer an analytical basis on which 
to found the boundaries of his con- 
trol. But there is evidence now that 
this situation is being corrected and 
that the statistical computer, either 
as an on-line part of the control loop 
or as an off-line design tool, will figure 
largely in gage controls. A descrip- 
tion of one of the first applications, 
the stator-turning lathe of Figure 1, 
will demonstrate the main advantage 
of the statistical approach; control sys- 
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tems need not wait for rejects before 
initiating tool adjustment. 

In the past, certain forms of auto- 
matic gaging have been widely em- 
ployed in production operations involv- 
ing discrete parts. ‘Iwo well-established 
categories are typical of methods in 
current use. One, generally known as 
end-point control, has been applied 
frequently to cylindrical grinding. In 
this process a caliper gage rides con- 
tinuously on the workpiece being 
ground. As the piece is reduced to the 
proper size, the gaging system moni- 
tors the dimensions, and as they ap- 
proach the specified limits, triggers 
the feed-stop mechanism to interrupt 
the wheel in-feed. The second cate- 
gory is post-gaging, in which the part 
is measured after the dimension is pro- 
duced. The control simply shuts down 
the machine when out-of-limit rejects 
are detected. This method is some- 
times dubbed the “shut-off-and-yell” 
technique. The points of shut-down 
often are set somewhat inside the ac- 
tual reject limits so that an approach 
toward, rather than an exceeding of, 
tolerance interrupts the process. 

Recently there have been moves to 
obtain automatic gaging systems that 
will do much more than either of the 
foregoing. The objective is to develop 
controls that are capable not only of 
making measurements but also of using 
error detection or dimensional devia- 
tions to initiate corrective action. 
While such capabilities are immedi- 
ately recognizable as those of a true 
feedback system, conventional feed- 
back techniques are not fully appli- 
cable. This is because feedback is 


usually associated with continuous 
processes rather than with those in- 
volving discrete parts. Hence, certain 
basically new problems face the control 
engineer attempting to apply the prin- 
ciples of feedback to automatic gaging. 


Normal dispersion 


The first unique requirement is 
that the feedback control accept cet 
tain magnitudes of error without tak- 
ing corrective action. lhe reason fot 
this is that piece-to-piece variations 
are inherent in parts manufacturing. 
Indeed, if a gaging system has a high 
enough resolution, it will find that no 
two pieces coming off the machine 
are exactly alike. There is a normal 
dispersion in any process, and this is 
related to what the quality control en- 
gineer calls the “machine capability”. 
This term describes the statistical 
spread of characteristics in the parts 
produced when the process is left to 
run unregulated, and when all the as 
signable causes of variation have been 
brought under control, leaving onl 
those random causes that cannot be 
identified or are impractical to im 
prove. In building an automatically 
regulated process of the discrete-part 
type, it is necessary that the machin« 
capability be well within the allowed 
tolerance, preferably occupying no 
more than 50 percent of the toler 
ance range. Figure 2 shows a ma- 
chine capability that satisfies this con 
dition and provides sufficient latitude 
for practical control. 

An examination of the statistical 
mathematics represented by the dis 
tribution curve of Figure 2 will help 





in understanding the nature of the 
problem. A run of n pieces (50 to 
100 pieces is a good lot size) is made 
without adjusting the process. If meas 
urements of each piece are taken 
and plotted according to size distribu 
tion, the curve shown will be formed 

The bell-shaped plot in Figure 
embodies one of the fundamental con 
cepts upon which the science of sta 
tistical quality control is based. It is 
termed a Gaussian or normal distribu 
tion curve—‘‘normal’” because this 
type of distribution occurs so fre 
quently in nature. If, for example, a 
large group of people was assembled 
randomly and each weighed, a plot 
of their individual weights (or heights 
for that matter) would exactly follow 
the bell-shaped curve. 

The normal curve provides a basis 
for determining how much of a devia 
tion from the mean can be ignored by 
the control. The mean is the arith- 
metic average of the sizes of all pieces 
included in the distribution curve. The 
deviation for any particular piece is 
the amount by which its size differs 
from the mean. The most useful cri 
terion for dispersion is the standard 
deviation represented by the symbol o 
(sigma). With this criterion the con 
trol engineer can compare the efh- 
ciencies of two methods of production 
or evaluate the characteristics of one 
method under two different circum 
stances. To determine the value of o 
for a set of five values, it is necessary 
first to compute the average of these 
values. For example: 


2.0 


2.) 


X 

\ 

X 22 

X4 24.0 

X 23.5 
=X 


114.5 


the average value is 
22.9 


The standard deviation, or the root 
mean-square deviation as it is some 
times called, is found by taking the 
square root of the mean of the squares 
of the deviations from the average 
value of the group: 


i=] — 

ee fe ty 
=. | t=n 
i e 


In the case of the above example. 
the standard deviation o is calculated 
is follows: 


X,—X = —0.9 
X2—X = —0.4 
X;—X = —0.4 
X,-X =-—1.1 
X;-X 0.6 


(X,—X)?=0.81 
(X2—X)* =0.16 
(X,;—X)?=0.16 
(X,—X)? = 1.21 
(X;—X)? =0.36 
Sum of squares = 2.70 





FIG. 1. Automatic lathe and gaging controls for machining electric motor stators 
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FIG. 4 

Normal distribution 
curve with precon- 
trol limits indicated 








5(X,-X)? _ [2.70 oo. 
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‘The graph shown in Figure 2 is 
typical of any norma) product output; 
there are, however, a number of 
processes that are affected by many 
nonlinear and intermittent variables. 
In such cases, the distribution curve 
would not follow the general appear- 
ance of the Gaussian pattern and 
might be considerably unsymmetrical. 
Statistical interpretation of such curves 
is difficult and beyond the scope of 
this article. Fortunately, the major- 
ity of parts manufacturing applica- 
tions do exhibit normal curves. Thus, 
the control engineer can predict ex- 
actly what percentage of the parts can 
be expected to fall within any given 
dimensional range. 

‘lo demonstrate this, the area under 
the normal curve in Figure 2 has been 
divided into three sections. The first 
section includes all parts in a given 
production run whose dimensions are 
within the range extending lo on 
either side ot the mean or zero ordi- 
nate. Assuming that the machine is 
operating normally, the area bounded 
by the lo and —le ordinates is found 
to be 68.26 percent of the total area 
under the curve. Stated another way, 
68.26 percent of all parts produced 
should fall within a two-sigma range 
of deviation. Similarly, 95.44 percent 
comes within a four-sigma spread and 
99.74 percent within a_ six-sigma 
spread. These figures provide a nu 
merical measure of the process disper- 
sion, useful for comparison purposes 
and for evaluating the improvement 
or deterioration in quality of product. 
It should be emphasized, however, 
that these values are applicable only 
when the process exhibits a normal 
distribution characteristic and is sub- 
ject only to random disturbances. 


Dimensional drift 

The second unique problem in the 
design of a feedback gaging control 
for parts manufacturing is “drift”, 
the relatively slow shift of character- 
istic with time caused by any rea- 
son whatsoever. Figure 3, a size-vs.- 
time plot of a process such as the 
stator-turning operation mentioned 
above, depicts the normal piece-to- 
piece scatter upon which is superim- 
posed a slow drift out of tolerance. 
Such drift could be caused by machine 
temperature changes, tool wear, or 
similar long-time effects. Therefore, 
the system must be able to distinguish 
between the normal, inherent process 
scatter and the process drift, and react 
only to the latter. 

Several solutions suggest themselves. 
One involves a computer which con- 
stantly recomputes the mean of the 
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preceding, say 50, pieces by adding 
in the new measurement, dropping ouc 
the 5lst piece previous, and then cal- 
culating a new mean value. W hile 
this could be a very precise solution, 
it would also be a prohibitively ex- 
pensive one because of the extensive 
memory required and the rather so 
phisticated computation involved, A 
second approach might use the fact 
that there is in any process a certain 
statistical probability that a piece di- 
mension will fall within a specific de- 
viation from the mean. ‘lhere is a 
high probability that it will fall neat 
the mean, and a low probability that 
it will fall far from the mean, as por- 
trayed by the Gaussian distribution 
curve. It is possible, therefore, to 
envision a computer-control that will 
examine each measurement according 
to this probability criterion, and make 
an adjustment proportional to the 
findings. But this, too, becomes com 
plicated and expensive. 

In the field of statistical quality 
control there recently appeared a new 
tool that employs go/no-go measuring 
techniques. Known as “precontrol’, 
the method eliminates all on-the-job 
computation, the keeping of average 
and range charts, and the like, yet 
meets all statistical quality control re 
quirements. It involves measuring 
each piece, but requires remembering 
only the value of the last piece meas- 
ured. And it effectively distinguishes 
between scatter and drift. 

The development of precontrol as 
a gaging and quality-control method 
was instituted to reduce the cost of 
applying statistical practices to produc- 
tion operations. The conventional 
techniques typically have been de- 
signed around probability theories of 
frequency and size of sampling vs. 
degree of risk in admitting faulty parts. 
They have necessitated measurement 
to a resolution one order finer than 
the specified tolerance, and the cal- 
culating and posting of “average-and- 
range” charts to detect drift. Gener- 
ally speaking, the machine operator 
is not capable of carrying out such 
procedures. It is desirable, therefore, 
to reduce the quality control process 
to a simple go/no-go operation, with 
only the most elemental decisions 
necessary to dictate a process adjust 
ment. An allied benefit of devising 
such a solution for the human opera 
tor would be the simplification of the 
automatic-gaging problem too, result 
ing in the most economical system. 

The combined. features sought in 
the ideal system are as follows: 


(1) Ability to gage each piece, 
when finished, on a go/no-go 
basis, rather than measuring 
exact dimensions. With a hu- 


man operator, it might be ad 
visable to sample, but with an 
automatic system 100-percent 
testing is easily feasible. 
Ability to accept and ignore 
anv normal deviation in the 
process, while recognizing shift 
and reacting properly to it with 
a process adjustment. 
Incremental correction, each 
step being sufficient in size to 
keep up with the expected 
rate of drift, but not so large 
as to over-compensate and 
throw the process out of con- 
trol in the opposite direction 
Need for only minimum 
memory capacity. 

Inclusion of appropriate logical 
action to protect as far as prac- 
ticable against foreseeable acci 
dental events. 

Precontrol is so named because it 
permits a decision for corrective ac 
tion to be made long before the proc- 
ess has deteriorated to the point that 
tolerances are exceeded and rejects 
made. The application of the pre- 
control concept to a given machine 
requires that the machine capability 
be well matched to the tolerance re- 
quirements. Figure + shows a desirable 
type of characteristic wherein the six- 
sigma spread, which can be expected 
to embrace 99.74 percent of all paris 
during a “good” run, is about 50 per 
cent of the allowed tolerance. Thus, 
there is room for shift and correction 
without making rejects, an essential 
condition since any self-regulating sys- 
tem operates on error. 

Once the machine capability and 
tolerance requirements are known, the 
precontrol limits can be determined. 
For any particular application, the pre- 
control limits are so computed that n 
successive pieces will occur in either 
zone A or zone B only if there is very 
high probability that the process has 
experienced a shift. By this built-in 
design, the system is enabled to sepa- 
rate scatter (noise) from drift (sig- 
nal) with only enough memory ca- 
pacity to store up to n_ successive 
pieces in either marginal zone. 

The steps in the computation can 
be demonstrated with reference to 
Figures 5 and 6. In Figure 5 is a 
dispersion curve whose mean _ has 
shifted to the left of the original set- 
ting by an amount Am/o. (Note that 
here and in what follows Am and W 
will be divided by o to make their 
values dimensionless.) The shift is 
what happens to a process subject to 
drift, and the result is to increase the 
probability of n successive pieces fall- 
ing in area A, and to decrease such 
probability in area B. For any given 
Am/o these probabilities are cal- 
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FIG. 6. Family of curves giving the probability 
of obtaining a feedback signal as a function of 
Am/e for various precontrol spreads (W ). Feed 
back signal occurs after two successive meas 
urements on the same side of a precontrol line. 


culable, and can be expressed by a 
family of confidence curves, as the 
spread of the precontrol limits (W/o) 
and the shift of the mean (4m/c) 
are varied. A chart, such as that of 
Figure 6 for n = can be used to 
establish the setting of the precontrol 
limits. For instance, if with n = 2 
the precontrol limits are set at 
W = 1.0e, a shift of 1.0c in the proc 
ess mean yields about a 50/50 chance 
for generating a signal to correct the 
setting. If the mean shifts 1.50, there 
is a chance better than seven out of 
ten for producing a corrective signal. 
How such a system is set up, there- 
fore, depends on how much of the 
allowed tolerance is taken up by the 
normal process dispersion, what de- 
gree of risk of rejects is acceptable, and 
whether or not the drift tends to be 
always in the same direction. 


Machine-tool application 


As was mentioned, the statistical 
quality-control methods discussed here 
have been successfully applied to an 
automatic lathe, Figure 1. This lathe 
is a special-purpose machine tool de- 
signed for an outside<liameter turn- 
ing operation on electric-motor stators. 
igure 7 shows a close-up view of a 
stator being machined. 

An automatic loading mechanism 
moves the parts into and out of the 
lathe, the direction of flow being from 
back to front. The flat cylindrical tool 
seen on the tool block in Figure 7 is 
rocked into depth, then fed from right 
to left. After the part has been turned, 
a measuring head is brought in from 
the rear to check size. The gage head 
is of the magnetic proximity type 
whose pole faces are located above 
and behind the workpiece and are 
shaped to the curvature of the part. 


The tool can be adjusted toward the 
workpiece (to reduce size) or away 
from it (to increase size) by incre- 
ments of 0.0002 in., and can be rotated 
by increments of 3.5 deg to make use 
of the entire periphery of the cutting 
edge. It is then turned over and, when 
the second side is worn out, replaced. 
Both in-and-out adjustment and ro 
tation are accomplished by pulsed 
rotary solenoids. 

There are several incentives fot 
applying automatic “in-machine” gag- 
ing to this process. First, since the 
part is a stack of stamped laminations, 
it tends to go out-of-round when re- 
leased from the fixture. Since the 
process can be regulated only for size, 
and not for roundness, the part should 
be gaged at a time when it is as round 
as it is ever going to be—while it is 
still on the fixture, just after machin- 
ing. The gaging system then will not 
confuse roundness deviations with size 
deviations. Second, because the sur- 
face is interrupted by longitudinal 
welds that hold the stack together, 
out-of-machine gaging would bring up 
the problem of positioning the part to 
contact-gage on a land rather than in 
a slot. This problem does not exist 
when the part is checked while stil! 
rotating and without being touched 
by the sensing head. Another advan 


FIG. 7. Close-up view of 


stator-turning operation 


FIG. 5. Chart showing displacement of proc- 
ess mean from the center of the precontrolled 
lines and the resulting changes in areas A and B 


tage of in-machine gaging is that it 
eliminates a separate inspection sta- 
tion. And, most important of all, it 
permits tightening the feedback loop 
for rapid response to current data. 
This reduces to a minimum the num 
ber of pieces in process between the 
point in the stream where correction 
can be applied and the point at which 
measurements are being taken. 


System logic 


The required logic for the system is 
displayed in Figure 8, not only for 
the gaging and regulating functions, 
but for all actions concerning part 
quality control. Note that the “nor 
mal-dispersion” zone (the six-sigma 
process range) occupies about one-half 
of the tolerance spread. The total di 
mensional range is divided into five 
zones: mid-zone A, good; marginal 
zones B and C, still good but alerting 
the correction system; and reject zones 
D and E for undersize and oversize 
pieces respectively. Regarding the lat 
ter, it can be seen in Figure 1 that 
the receiving conveyor in front of the 
machine is also a sorter—good pieces 
are passed along to the next opera 
tion, but rejects are gated to one of 
two storage chutes (oversize and un 
dersize) on the left. 

In this application, the trend in 
the process is principally due to wear 
of the cutting edge of the tool, re 
sulting in a tendency to run oversize 
There is also the possibility of a sud- 
den chip-out or flaking in the cutting 
edge, which might cause an oversize 
reject even if the regulating process 
is Operating properly. Knowledge of 
such characteristics for the particular 
process enables the design of asym 
metrical logic into the system, for 
ippropriate action. In zone C, for 
example, there is scheduled the reset 





ting and indexing of the tool after 
10 in-feeds. This number represents 
0.002 in. of tool wear, a limiting 
amount based on experience. In zone 
FE, a sudden oversize reject, very prob- 
ably caused by the tool failure de- 
scribed above, dictates what action is 
to be taken. This action is different 
from that called for by the same ty pe 
of reject in zone D, where there is no 
obvious and logical cause. 

For easy understanding of the Op- 
erating principles, this logic is repro- 
duced on the panel of the regulating 
equipment, Figure 9. Both. tolerance 
and precontrol limits are established 
by the setting of contact microamme- 
ters, with sensitivity adjustment for 
each. The number (n) of successive 
rejects allowable before a process ad- 
justment is selected by means of a 
stepper-switch. The precontrol lines 
can be skewed for various conditions 
by biasing the settings of the contact 
meters. On this panel, therefore, are 


all the adjustments necessary to set 
up the system to meet a varicty of con 
ditions plus a visual display of the 
system functions. 


Control circuit 


The gaging circuit, Figure 11, is a 
comparison-measuring device, con- 
trasting the reactance of the active 
gage head as it is affected by the size 
of the workpiece (magnetic reluctance 
of the air gap) with the constant re 
actance of a reference component 
For the instant that point A is posi 
tive with respect to point B, current 
passes through discriminator rectifier 
1 to capacitator Cl. At the same 
time, current flows through gage-head 
rectifier 2 to C2. Both Cl and C2 
will charge to equal voltages if the 
current through the gage head and 
the compensating reactor are equal. 

On the next half-cycle, when point 
A is negative with respect to point B, 
current passes through Cl, rectifier 3, 











1 


and the gage head to point A. In ad 
dition, a current path completed 
through capacitor C2, rectifier 4, and 
the compensating reactor to point A 
Again, if the currents through the 
gage head and compensating reactor 
are equal, the voltages across C 
C2 will be equal. ‘Thus 
equal currents flow on both ilternate 
half-cvcles, the net voltage across Cl 
ind C2 is zero. 

Assume now 


1 and 
vhenevet 


1 
} 


that the reactance ot! 
the gage head is less than that of the 
compensator, is it w with 
undersize part. In the first f-c\ 
when A is 


ould be 


positive th« 
through Cl is less than the current 
through C2. Therefore, th tag 
on C2 is higher than that on Cl. In 
the next half-cycle, the reve ul 
rent through Cl is greater than the 
reverse current through C2. Capacitoi 
Cl then has a negative voltage with 
respect to point B and C2 has a posi 


tive voltage. This sets up a current 


currel 
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FIG. 9. Control panel showing 


adjustments and meter relays. 


~~. 
( adjustable ) FIG. 8. Schedule of machine log 
Tolerance 0.002" on both statistical methods (zones A 


and machining experience zones 
( adjustable ) i 


FIG. 10. Graphical method for determining relative effectiveness 
of any given Statistical quality-control method. Field of points 
in part A is derived from table of random numbers, permitting 


the simulation of the output of a machine. Field has been arbi 
trarily skewed from the horizontal to feign the effect of drift. Part 
B shows same field with corrections after tw ct 
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FIG. 11. Schematic diagram 
of logical circuitry. 


FIG. 12. Block diagram of 


feedback gaging system. 
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causing deflection of the meter pointet 

If the reactance of the gage head is 
higher than that of the compensator, 
the voltage C2 is negative and the 
voltage of Cl is positive, both with 
respect to point B. Again, current 
flows through the meter, but this time 
in the opposite direction, reversing 
the pointer deflection. The amount 
ind direction of deflection of the 
meter is dependent, then, on the rela- 
tive reactances of the gage head and 
the compensator. ‘The low-capacity 
meter contacts are connected to the 
grid circuits of four thyratron tubes, 
which in turn operate relays that set 
up the stepper-switch memories or 
the reject logical circuits. 

A basic characteristic of the circuitry 
described is that it is not fail-safe. 
Thus certain design precautions must 
be taken because the failure of a meter 
coil, a meter contact, a thyratron tube, 
or an associated relay could prevent 
a pulse from reaching the logical cir 
cuitry—tantamount to indicating a 
“perfect” piece. A self-checking cir- 
cuit is therefore included in the form 
of four reference reactances. These 
are successively interrogated by a scan- 
ning switch once per work cycle and 
are set so as to simulate each gaging 
threshold. That is, one of cach of 
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these reactances is set just outside of a 
corresponding zone boundary (over 
size—precontrol; undersize—precon- 
trol; oversize—reject; undersize—tre- 
ject) to test the meter coil, meter 
contact, associated thyratron, and cor- 
responding relay. If any threshold con- 
dition fails to operate the circuit asso- 
ciated with it, the system is shut down 
and one of four indicator lights lit to 
show which circuit is affected. During 
this checking, the memory and reject 
circuits are disconnected. 

Figure 12 shows the entire system 
in block-diagram form, with the vari- 
ous feedback loops indicated. The pre- 
control loop includes facilities for ad- 
justing the precontrol limits, selecting 
the n-successive pieces, and choosing 
the magnitude of the tool correction 
increment. Thus, it provides all the 
elements needed to achieve the sensi- 
tivity, speed of response, and stability 
levels demanded by the particular 
application. The characteristics of the 
application that dictate what settings 
and values are chosen are the relation 
of the process capability to the allowed 
tolerance, the rate at which the proc- 
ess may be expected to shift, and the 
nature of the shift (one<lirectional 
or two-directional). 

How does this control system com 


pare in effectiveness with the several 
other possible ways of achieving auto- 
matic statistical regulation? The 
“best” control plan may be defined 
as that which produces the greatest 
product uniformity, or that which re- 
sults in the least increase in the stand 
ard deviation beyond that of the basic 
process capability. Since any regulat- 
ing system operates in response to 
error, there will always be some in 
crease in the standard deviation as a 
result. This fact may be used as the 
measure of effectiveness; that is: 


—. 
R.E. = 
02 
product sigma for best control 
plan 
o2=product sigma for plan under 
consideration 


R.E.=Relative Effectiveness 


where o; 


t 


etfectivencss of 
any actual or hypothetical control sys 
tem can be made by analytical meth 
ods without building and testing the 
system itself. Remember that thes 
are processes in which time-to-time or 
piece-to-piece variations are random 
except for some known and assignable 
cause for slow drift. For analyzing a 
continuous flow process, the designer 
can stimulate the process output by 
means of a “white” 

noise generator. lor analyzing a dis 
crete-part process, he can use available 
tables of random numbers. 

If a table of numbers is plotted 
against an equal-time-interval scale, a 
plot like that in Figure 10A is obtained 
(the band, of course, will be horizon- 
tal, having no trend). But obviously a 
trend can be imposed on such a plot 
of numbers, depending on the rate at 
which the characteristic in question 
is expected to drift out of limits, and 
this has actually been done in the 
figure. It is possible, thereby, to simu 
late the output of the process and even 
assume various rates of drift. Then by 
imposing on this unregulated output 
any desired type of monitoring and 
feedback system (incremental or pro 
portionalized, Figure 10B), the ef 
fect of regulation on the resultant out 
put can be determined. Further, th« 
product sigma of the basic process 
capability can be compared to thc 
product sigma of the regulated process 
to determine relative effectiveness 
Obviously this can be done without ac 
tually constructing the system itself, 
and in most cases can be done with a 
fairly simple digital computer. 

All of the several acceptable ap- 
proaches indicated earlier can be de 
signed to perform at a level of relative 
effectiveness on the order of 95 per 
cent. The machine designer therefore 
is in general guided by considerations 
of cost, simplicity, and _ reliability, 
rather than by operating effectiveness 


l'ests for relative 


random (or 
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OPTIMIZING CONTROL 
of a CHEMICAL PROCESS 


Results of research in optimizing control at Case Institute prove the feasibility of 
computing-control: a savings in time of 23 percent in processing batch reaction. 
Eckman and Lefkowitz, who guided the research, show that a batch process, whose 
kinetics are known only approximately, can be controlled so that: 

> a product of specified composition is produced 
>the processing follows an optimum path described by the proper differential 
equations dependent on the nature of the process kinetics and on initial and final 


composition values 


>the optimum path yields a minimum processing time for the specified condi- 


tions of operation 


D. P. ECKMAN 
I, LEFKOWITZ, 


Case Institute of Technology 


A primary objective of an industrial 
process is a uniform product of speci- 
fied quality produced with maximum 
economy and efficiency. This objec- 
tive can be attained under optimized 
operating conditions expressed by op- 
timizing and control equations pro- 
grammed into a computing-controller. 
rhese equations depend not only on 
the process, but also on performance 
criteria established by management. 
Costs of labor and raw materials, avail- 
ability of materials, productivity, proc- 
ess limitations, and market conditions 
help determine these criteria. 

‘The production of a specified prod- 
uct at minimum.cost reflects optimum 
control. A cost equation, on which a 
minimization procedure yields the 
necessary relationships for minimum- 
cost manipulation of processing vari- 
ables, includes the major cost factors 
of raw material, energy, labor, by- 
product recovery, off-standard produc- 
tion, overhead, etc. Thus, the overall 
processing cost can be written as a 
function of the processing variables: 
Cafl¥s, Va,-. ... Vea) (1) 
C = overall processing cost 
V, = general processing vari- 

ables 


where: 


Continuous-process optimization 


For continuous processes, minimum- 
cost (optimizing) equations may be 
derived by differentiating the cost-of- 
production equation with respect to 


each of the variables to be manipu- 
lated and setting the partial derivatives 
equal to zero. Thus, differentiating 
Equation | with respect to the process 
variables V,, V:, V, . . . Va-m yields 
n-m equations of the form: 


0 
( i ) =Q0 i,j=1,2,...,m—m 
ove V;n-m (2) 


Application of these additional optim- 
izing relationships then completely) 
fixes the system, establishing the con- 
ditions for minimum-cost operation. 
Information describing the state of 
the process enters a computer, which 
determines the necessary optimization 
conditions and then transmits contro] 
signals back to the process. 


Batch-process optimization 

Material and energy costs in batch- 
process operation are generally rela- 
tively independent of processing con- 
ditions. ‘The major controllable costs 
in the present application are labor, 
overhead, and apportioned plant in- 
vestment. All of these increase with 
processing time, so that the time re- 
quired per batch is the controlling cost 
item and the optimum processing path 
is the minimum time path. 

The total processing time of a batch 
process is expressed as an integral of 
some function of the composition vari 
ables of the reaction mixture: 


ty -f ’ P(u', u, v)dv 
0 


where: t; =total processing time 
v; =product composition value 
u, v=composition variables 
u’ =du/dv 


To find the minimum t,, apply the 
Euler-Lagrange relation to Equation 3: 


oF d ( =o (4) 
dt Ou 


where: I F(u’, u, v) = the inte- 
grand of Equation 3. Equation 4 de- 
fines the optimum processing path for 
the functional relationship among the 
composition variables which satisfies 
a specified product composition in the 
shortest processing time. The process 
is guided along this path by a comput- 
ing-controller that changes operating 
conditions (for instance, temperature 
and pressure) as kinetics dictate. 

One way to guide the process is by 
repetitive computation of the op- 
timum path, the computation proceed- 
ing at a much faster rate than the 
process itself. Initial conditions for 
each computation are determined from 
then-existing values of the process 
composition. As a result, the optimum 
path is always extrapolated from the 
present state of the process (not from 
the initial starting point) to the speci- 
fied final state. Errors in the control 
function are not cumulative. In fact, 
there is a strong controlling action 
forcing the process to the specified 
composition despite any appreciable 
discrepancies in the computer equa- 
tions describing the process. 


THE HYDROGENATION PROCESS 
A research project in optimizing 
control was carried out on the batch 
hydrogenation of cottonseed oil, a 
process that has widespread applica- 
tions in the manufacture of oleomar- 
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FIG. 11. Schematic diagram 
of logical circuitry. 


FIG. 12. Block diagram of 


feedback gaging system. 
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causing deflection of the meter pointer 

If the reactance of the gage head is 
higher than that of the compensator, 
the voltage C2 is negative and the 
voltage of Cl is positive, both with 
respect to point B. Again, current 
flows through the meter, but this time 
in the opposite direction, reversing 
the pointer deflection. The amount 
ind direction of deflection of the 
meter is dependent, then, on the rela- 
tive reactances of the gage head and 
the compensator. The low-capacity 
meter contacts are connected to the 
grid circuits of four thyratron tubes, 
which in turn operate relays that set 
up the stepper-switch memories or 
the reject logical circuits. 

A basic characteristic of the circuitry 
described is that it is not fail-safe. 
Thus certain design precautions must 
be taken because the failure of a meter 
coil, a meter contact, a thyratron tube, 
or an associated relay could prevent 
a pulse from reaching the logical cir 
cuitry—tantamount to indicating a 
“perfect” piece. A self-checking cir- 
cuit is therefore included in the form 
of four reference reactances. These 
are successively interrogated by a scan- 
ning switch once per work cycle and 
are set so as to simulate each gaging 
threshold. That is, one of cach of 
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these reactances is set just outside of a 
corresponding zone boundary (over- 
size—precontrol; undersize—precon- 
trol; oversize—reject; undersize—tre- 
ject) to test the meter coil, meter 
contact, associated thyratron, and cor- 
responding relay. If any threshold con- 
dition fails to operate the circuit asso- 
ciated with it, the system is shut down 
and one of four indicator lights lit to 
show which circuit is affected. During 
this checking, the memory and reject 
circuits are disconnected. 

Figure 12 shows the entire system 
in block-diagram form, with the vari- 
ous feedback loops indicated. The pre- 
control loop includes facilities for ad- 
justing the precontrol limits, selecting 
the n-successive pieces, and choosing 
the magnitude of the tool correction 
increment. Thus, it provides all the 
elements needed to achieve the sensi- 
tivity, speed of response, and stability 
levels demanded by the particular 
application. The characteristics of the 
application that dictate what settings 
and values are chosen are the relation 
of the process capability to the allowed 
tolerance, the rate at which the proc- 
ess may be expected to shift, and the 
nature of the shift (one<lirectional 
or two-directional). 

How does this control system com 


pare in effectiveness with the several 
other possible ways of achieving auto 
matic statistical regulation? The 
“best” control plan may be defined 
as that which produces the greatest 
product uniformity, or that which re- 
sults in the least increase in the stand 
ard deviation beyond that of the basic 
process capability. Since any regulat- 
ing system operates in response to 
error, there will always be some in 
crease in the standard deviation as a 
result. This fact may be used as the 
measure of effectiveness; that is: 


R.E. = = 
02 
product sigma for best control 
plan 
o2=product sigma for plan under 
consideration 


R.E.=Relative Effectiveness 


where o; 


relative effectiveness of 
any actual or hypothetical control sys 
tem can be made by analytical meth- 
ods without building and testing th« 
system itself. Remember that thesc 
are processes in which time-to-time or 
piece-to-piece variations are random 
except for some known and assignable 
cause for slow drift. For analyzing a 
continuous flow process, the designer 
can stimulate the process output by 
means of a random (or “white” 

noise generator. For analyzing a dis 
crete-part process, he can use available 
tables of random numbers. 

If a table of numbers is plotted 
against an equal-time-interval scale, a 
plot like that in Figure 10A is obtained 
(the band, of course, will be horizon- 
tal, having no trend). But obviously a 
trend can be imposed on such a plot 
of numbers, depending on the rate at 
which the characteristic in question 
is expected to drift out of limits, and 
this has actually been done in the 
figure. It is possible, thereby, to simu 
late the output of the process and even 
assume various rates of drift. Then by 
imposing on this unregulated output 
any desired type of monitoring and 
feedback system (incremental or pro 
portionalized, Figure 10B), the ef 
fect of regulation on the resultant out 
put can be determined. Further, th« 
product sigma of the basic process 
capability can be compared to the 
product sigma of the regulated process 
to determine relative effectiveness 
Obviously this can be done without ac 
tually constructing the system itself, 
and in most cases can be done with a 
fairly simple digital computer. 

All of the several acceptable ap- 
proaches indicated earlier can be de 
signed to perform at a level of relative 
effectiveness on the order of 95 per 
cent. The machine designer therefore 
is in general guided by considerations 
of cost, simplicity, and _ reliability, 
rather than by operating effectiveness 


lests for 





a report on... 


OPTIMIZING CONTROL 
of a CHEMICAL PROCESS 


Results of research in optimizing control at Case Institute prove the feasibility of 
computing-control: a savings in time of 23 percent in processing batch reaction. 
Eckman and Lefkowitz, who guided the research, show that a batch process, whose 
kinetics are known only approximately, can be controlled so that: 


> a product of specified composition is produced 
>the processing follows an optimum path described by the proper differential 
equations dependent on the nature of the process kinetics and on initial and final 


composition values 


>the optimum path yields a minimum processing time for the specified condi- 


tions of operation 


D. P. ECKMAN 
I. LEFKOWITZ, 


Case Institute of Technology 


A primary objective of an industrial 
process is a uniform product of speci- 
fied quality produced with maximum 
economy and efficiency. This objec- 
tive can be attained under optimized 
operating conditions expressed by op 
timizing and control equations pro- 
grammed into a computing-controller. 
These equations depend not only on 
the process, but also on performance 
criteria established by management. 
Costs of labor and raw materials, avail- 
ability of materials, productivity, proc- 
ess limitations, and market conditions 
help determine these criteria. 

‘The production of a specified prod- 
uct at minimum.cost reflects optimum 
control. A cost equation, on which a 
minimization procedure yields the 
necessary relationships for minimum- 
cost manipulation of processing vari- 
ables, includes the major cost factors 
of raw material, energy, labor, by- 
product recovery, off-standard produc- 
tion, overhead, etc. Thus, the overall 
processing cost can be written as a 
function of the processing variables: 

Caf, Va... Va (1) 
where: C = overall processing cost 
V, = general processing vari- 
ables 
Continuous-process optimization 

For continuous processes, minimum- 
cost (optimizing) equations may be 
derived by differentiating the cost-of- 
production equation with respect to 


each of the variables to be manipu- 
lated and setting the partial derivatives 
equal to zero. Thus, differentiating 
Equation | with respect to the process 
variables V,, V:, V, . . . Va-m yields 
n-m equations of the form: 


( et ) =Q0 i1,j=1,2,...,n—m 
Ors Fy tem (2) 


Application of these additional optim- 
izing relationships then completely 
fixes the system, establishing the con- 
ditions for minimum-cost operation 
Information describing the state of 
the process enters a computer, which 
determines the necessary optimization 
conditions and then transmits control 
signals back to the process. 


Batch-process optimization 


Material and energy costs in batch- 
process operation are generally rela- 
tively independent of processing con- 
ditions. The major controllable costs 
in the present application are labor, 
overhead, and apportioned plant in- 
vestment. All of these increase with 
processing time, so that the time re- 
quired per batch is the controlling cost 
item and the optimum processing path 
is the minimum time path. 

The total processing time of a batch 
process is expressed as an integral of 
some function of the composition vari 
ables of the reaction mixture: 


ty -f j F(u’, u, v)dv 
0 


where: ty =total processing time 
vy =product composition value 
u, v=composition variables 
u’ =du/dv 


To find the minimum t,, apply the 
Euler-Lagrange relation to Equation 3: 


oF d oF 
du dv (si) -0 (4) 


where: F F(u’, u, v) = the inte- 
grand of Equation 3. Equation 4 de- 
fines the optimum processing path for 
the functional relationship among the 
composition variables which satisfies 
a specified product composition in the 
shortest processing time. The process 
is guided along this path by a comput- 
ing-controller that changes operating 
conditions (for instance, temperature 
and pressure) as kinetics dictate. 

One way to guide the process is by 
repetitive computation of the op- 
timum path, the computation proceed- 
ing at a much faster rate than the 
process itself. Initial conditions for 
each computation are determined from 
then-existing values of the process 
composition. As a result, the optimum 
path is always extrapolated from the 
present state of the process (not from 
the initial starting point) to the speci- 
fied final state. Errors in the control 
function are not cumulative. In fact, 
there is a strong controlling action 
forcing the process to the specified 
composition despite any appreciable 
discrepancies in the computer equa- 
tions describing the process. 


THE HYDROGENATION PROCESS 
A research project in optimizing 
control was carried out on the batch 
hydrogenation of cottonseed oil, a 
process that has widespread applica- 
tions in the manufacture of oleomar- 
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The hydrogenation process in the autoclave reactor, guided by a 


computing-controller, turns out a specified product in minimum time 


garine, shortening, and other edible 
products. Under the influence of a 
nickel catalyst and at elevated tem- 
perature and pressure, hydrogen is 
added to fatty-acid glycerides of cot- 
tonseed oil. Hydrogenation affects 
product properties by raising the melt- 
ing temperature of the oil to make it 
a solid at normal temperatures and by 
improving “keeping quality” (chemi- 
cal stability), taste, and odor. 
Cottonseed oil is a complex mixture 

of fatty-acid glycerides: 

R,-—0-—CH, 

R,—0-CH 

R;-O0—-CH, 
where the R’s represent  fatty-acid 
radicals of linoleic, oleic, claidic, and 
stearic acid. Since just the fatty-acid 
radicals in the molecule undergo hy- 
drogenation, only the reactions of the 
fatty acids need be considered. In 
commercial processing, these take 
place in the indicated direction: 

catalyst 

~ > oleic acid 
catalyst 
—-> elaidic acid 


catalyst 


Linoleic acid hydrogen — 


Linoleic acid hydrogen — 


Oleic acid hydrogen ————-+> stearic acid 
catalyst 


Elaidic acid + hydrogen ————-> stearic acid 


Product composition 

Product properties are functions of 
product composition. Chemical sta 
bility improves with a decrease in 
linoleic concentration and an increase 
in stearic concentration. But since a 
large stearic concentration results in 
too high a melting point, the reaction 
can be carried along only to the time 
at which it yields a product with an 
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intermediate composition consistent 
with the desired properties. 

Product composition depends on: 
> composition of raw material (cotton- 
seed oil)—wide variations in composi- 
tion cause variations in batch behavio1 
and thus different operating conditions 
for specified final products. This limits 
the effective use of programmed-con 
trolled process conditions. 
> catalyst activity—the preparation of 
the nickel catalyst, its concentration, 
and its degree of poisoning affect reac 
tion kinetics. Poisoning reduces cata- 
lyst activity as the reaction progresses. 
© operating conditions during reaction 

the most important operating con- 
ditions are temperature and pressure 
because these are most casily manipu 
lated. Agitation also affects processing, 
but this is usually kept constant 
P process duration—composition — is 
greatly influenced by the time duration 
of the hydrogenation reaction. 


Conventional operation 


In conventional control of the hy- 
drogenation process a mixture of cot- 
tonseed oil and catalyst is charged 
into the autoclave. Air and moisture 
are evacuated, the mixture is heated to 
start the reaction, and then hydrogen 
is introduced under pressure. Cooling 
water, flowing around the autoclave 
jacket during the exothermic reaction, 
prevents excessive temperature rise. 

Temperature and pressure are kept 
at fixed values during the reaction 
period, typically 100 to 200 deg C and 
50 to 300 psi. Process duration lasts 
from two to four or more hours. When 
measurements of refractive index and 
iodine value indicate specified product 
composition, the reaction is termi- 


nated, and the batch is dumped. After 
the catalyst is filtered out, the product 
is analyzed to see how close it comes 
to product specifications. Operating 
conditions are adjusted accordingly for 
the next batch. Blending of several 
batches yields specified product. 


Computing-control 


Figure 1 shows the hydrogenation 
process and a practical computing-con- 
trol arrangement that: 

* carries out the processing completely 
automatically 

¢ produces a specified product 

* minimizes production costs 

The computer communicates di- 
rectly with the process. Input signals 
supply information required for solv- 
ing optimizing and control equations. 
They give autoclave level (thus initiat- 
ing startup and shutdown for each 
batch); temperature and pressure (the 
process operating conditions); com- 
position measurements (the state of 
the process); and product specifications 
(the set-point of the computing-con 
troller). 


Kinetic equations 
Figure 2 represents the kinetics of 
the process. Chemical reactions in- 


volved: 


where: X 


Y =oleic acid concentration 


linoleic acid concentration 


Y =elaidic acid concentration 
Z =stearic acid concentration 
k, . . . ke=kinetic reaction coefficients 

According to the law of mass ac- 
tion, the rate of each of the above 
reactions is proportional to the prod 
uct of the effective hydrogen concen- 
tration and the concentration of the 
respective fatty-acid reactant. 

The reaction kinetics may be simu 
lated by linear first-order differential 
equations of the form: 

—dc/dt =ke (11) 
where: c = mol fraction of component C 

k=kinetic coefficient 

Equation 1] states that the rate of de- 
crease of concentration of C due to 
its conversion in the reaction is 
directly proportional to its con- 
centration, where the proportionality 
constant is the kinetic coefficient. 

Applying Equation 11 to the reac- 
tion indicated by Equations 5 through 


10 yields: 





dx/dt = —(ki4 ka)z (12) 

dy/dt = kyx —(k3+ks)y +hea (13) 

dij /dt = kox — (kg t-ke) i +hsy (14) 
where: x, y, and y represent the mol 
fractions of components X, Y, and Y 
The concentration of component Z 
need not be expressed explicitly be- 
cause it is related to the concentra- 
tions of the other three components: 


r+yt+yt+e=1 (15) 


Each kinetic coefficient is a func- 
tion of the operating conditions: 


ks=f; (P, T, Ke, Ka) (16) 
where: P =absolute pressure of hydrogen 
acting on the reaction mix- 
ture 
T =absolute temperature 
K c =effective catalyst activity 
K 4=degree of agitation 
Normally, the catalyst and agitation 
d d > 
effects change slowly and are taken as 
constants. Thermodynamic and ex- 
perimental considerations indicate a 
dependency of the kinetic coefficients 
on pressure and temperature: 
bh, =a; P™ie T (17) 
n,, and b, are constants. 
l’urther, if the temperature is assumed 
constant (as is done here to reduce 
the analytical and experimental work 
and simplify computer setup) then 
Equation 17 reduces to: 
k;=A,P" (18) 


—b,/T 


where: aj, 


where: A;=a;¢ 

As the project proceeded, it seemed 
wise to keep the first stages of analysis 
and investigation of computing-control 
simple to encourage development of 
fruitful techniques and _ procedures. 
The derivation of an optimum path 
for the four-component six-reaction 
(4C-6R) system described by Equa- 
tions 5 through 10 promised to be 
quite difficult and complex, particularly 
because of lack of information on rela 
tive parameter values, etc. Moreover, 
methods of measuring composition for 
the complete system were not im- 
mediately available. 

Accordingly, the 4C-6R system was 
effectively reduced to a_three-com- 
ponent four-reaction (3C-4R) system 
by using, in the pilot plant model, : 
starting material containing negligible 
linoleic acid: x ~0. This permitted 
the direct application of instrumental 
methods of composition measurement 
to the process. It also reduced the 
complexity of the optimizing and con- 
trol equations to within the limita- 
tions of the computing facilities. 

Note that the process simplification 
employed here does not limit the use- 
fulness or significance of the tech- 
niques developed or the equations de- 
rived. Thus, the results obtained in 
the present study are generally applic- 
able to a great many processes of the 
indicated type and configuration. 


Optimizing and control equations 

The kinetic equations for the 3C- 
4R are obtained from Equations 12-14. 
With x negligible: 


dy 


dt — (ks+ks)y +key (19) 


dy 


dt = — (ky tke) ij +key (20) 


where the kinetic coefficients are ex- 
pressed, from Equation 18, as func- 
tions of pressure by: 
ks=A;P™ (21a) 
k= A,P™ (21b) 
ks=A;P™ (21e) 
ke =AoP™ (21d) 
Now define new variables 


w=y/y (22a) 
q=In(yi/y) (22b) 
The variable q serves as the independ- 
ent variable in the following deriva- 
tions. It has an initial value of zero 
and steadily increases as the reaction 
proceeds, so that w and other process 
variables can be expressed as single- 
valued functions of q. This eliminates 
time as the independent variable and 
permits the derivation of equations 
that depend only on process composi- 
tion and operating conditions. 
Appropriate mathematical manipu- 
lation and combination of Equations 
19, 20, 22a, and 22b result in: 


dw _ ks—(kathe)u — 
dq ky +khs—keu 

Equation 23 must satisfy the given 
initial and final composition values 
irrespective of the operating path and 
is termed the reaction control equa 
tion. This equation is an expression of 
composition path independent of the 
time co-ordinate. Its solution is a 
curve w(q), which passes through the 
points (w., 0) and (w,, q,) specified 
by the given initial conditions and d« 
sired final composition. 

Theoretically, the process pressurc 
can be varied in a great variety of ways 
and yield the desired final product 
composition according to Equation 23 


FIG. 2. This reaction diagram shows the 
hydrogenation process. The three-compo- 
nent four-reaction system (shaded) is the 
one actually controlled by the computer 
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However, the performance criteria re- 
quires that the reaction, im addition 
to producing the specified product 
composition, should be completed in 
minimum time. 

The duration of the reaction 1s: 


"4 
ty = F(q)dq 
0 


ky —kew) (25) 
Applying the Euler-LaGrange relation- 
ship (Equation 4) to Equation 25 
subject to the constraint imposed by 
Equation 23 results in an equation 
describing the minimum time path 
for the reaction. The optimizing equa- 
tion (to be shown later in simplified 
form) is solved in the computer 
simultaneously with Control Equation 
23 to satisfy the performance criteria 

Fortunately, the control and opti- 
mizing equations can be simplified by 
using information gained during a 
prior study of the reaction kinetics of 
the process. This reduces the amount 
of computing equipment yet keeps re- 
sults free of any significant error. The 
kinetic study showed that 


where 
F(q) \ ks T 


26a 

26b) 

(26c) 

(26d) 

Adapting the simplifications, the 

equations (actually simulated in the 
computing-controller) are: 


where: g=k 
1 =A;""'/, 
ke/ks =Ae/. 
ky/kg=Ag 
n;/(nN3— nN 
= process tim 
operating pressur 
Y/Y 
q In (yi/y 
w’ = du dq; q' 


dg /dq; l'=dl dq 


Simultaneous solution of Equations 
27 and 28 yields two curves: an op- 
timum processing path w(q) and an 
optimum operating path g(q). If the 
w(q) curve is made to pass through 
the specified initial and final product 
composition points, then both curves 
are determined and the solution is 
unique. The actual process is made 
to follow w(q) by manipulating the 
pressure such that g satisfies the cor- 
responding g(q) function. 

Equations 29 and 30 supply rela- 
tionships for expressing the comput- 
ing-control signal as a pressure func- 
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tion of time, which is convenient in 
view of the intermittent sampling of 
product composition. This signal 
directly adjusts the set-point of the 
process pressure controller to optimize 
control of the process reaction. 
PLANT DESIGN 

ligure 3 shows the batch reactor 
(autoclave), control console, instru- 
mentation, and other equipment of 
the pilot plant on which the optimiz- 
ing procedure was tried out. The 
autoclave is equipped with an agita- 
tor, a cooling jacket, and an electric 
heating coil. Openings permit adding 
hydrogen and pulling samples of the 
reaction mixture. The contro! console, 
located a short distance from the auto- 
clave, contains standard electronic 
instrumentation, motor starting 
switches, and other operating elements. 

igure 4 gives a clear picture of one 
of two loops for controlling temper- 
ature and pressure. Both loops are 
identical except for the measuring 
transducers and actuators. A_ trans 
ducer measures the process variable 


FIG 3. Pilot plant for carrying out computing-control of a batch 
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and transmits its value to a continu- 
ously-recording strip-chart _ recorder- 
controller on the console. Control is 
effected by proportional, integral, and 
derivative actions. The set-point of 
the controller is adjusted either manu 
ally at the recorder-controller, or auto- 
matically by action of an output sig- 
nal from the computing-controller. 
The recorder-controller’s electrical out- 
put is converted, by a power relay, to 
a proportional air signal that actuates 
a valve to adjust a process variable. 
A manual station directly manipulates 
the process during abnormal operation. 
Pressure is measured with a dia- 
phragm-type transmitter having a 
range of zero to 600 psig. The con- 
troller output actuates a pneumatic 
valve in the hydrogen flow line. 
Temperature is measured with a 
resistance temperature detector and a 
Wheatstone-bridge transmitter over a 
zero-to-200-deg-C range. The tempera- 
ture controller output manipulates 
both the cooling water flow and the 
electric heater power through a split- 
range feature: the valve for het flow 


process 


Variable 
transformer di 


h 





Water control 
vaive 


Cooling jacket 
Code 
: Electrical connection 
to control console 


- 
“| Heating coils | 





Discharge 
valve =} Sample collection 


> a eae 


Hand valve 


i 


QZ 


ro > Vacuum 


FIG. 4. The pressure-control loop: the set-point of the conventional pressure controller 


is determined by the control signal obtained from the computing-controller. 
loop controls temperature (though in this study the temperature 


tained constant throughout the run.) 
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A similar 
set point was main 


operates over a 3-to-10-psi air-pressure 
signal (open at 3 psi, closed at 10 psi), 
and the variable transformer supplying 
heater power is positioned by a piston 
operator over a 9-to-15-psi range (zero 
voltage at 9 psi, full line voltage at 15 
psi). The instrumentation also in- 
cludes safety controls. 


Product composition analysis 

The analytical procedure finally se 
lected for the hydrogenation process, 
is based on the measurement of 

> refractive index at 75 deg C 

P infrared absorption at 10.37 mi 
crons 

Refractive index measures the total 
oleic and elaidic acid concentrations. 
Calibrating the refractometer against 
samples of known concentrations gavc 
the curve in Figure 5, which relates 
the reading to a function QO: 

Q=y+7 (31) 

The infrared absorption at 10.37 
microns is due mainly to elaidic acid, 
although oleic and stearic acids also 
contribute a measurable effect. The 
respective contributions were deter- 
mined experimentally with known 
samples and resulted in the relation 
ship: 


(0.706 y+ 2.42 7+-0.516 z) W 
=logy 100/7 (32) 
where: W=weight of sample in grams 
T =percent transmission at 10.37 u 
corrected for zero reading 
Since the sum of the three concen 
trations must equal unity, 


ytyt+z=1 33 


Ihe three equations are solved 

simultaneously for y in terms of the 

measured quantities O, W, and T: 

7 = (0.585 W-) log»100/ 7 —0.111Q 
—0.302 (34 

Knowing the value of vy, the value of 

v can be found 


y=Q—-y¥ 35 


\fter a small sample is withdrawn and 
weighed out, the infrared transmission 
is determined with and without the 
sample in the refractometer test cell 
Difference in the two readings supplies 
the value of T in Equation 34. A re 
fractometer reading is taken after thc 
sample has been cooled to precisely 
75 deg C. The observed reading is 
referred to the calibration curve from 
which the value of O is read. Equa 
tions 34 and 35 are solved simultane 
ously to yield the composition values. 


COMPUTER PROGRAMMING 


The equations that are to be set up 
on the computer must be transformed 
to the two computer variables, voltag: 
and time. Thus, process variables w, 
g, and t are related to computer volt 
ages W, G, and T, and the independ 
ent variable q is related to the comput 





ing time + by the 


following 
formation equations: 


10 w (volts 36a 
200 g (volts) 36b 
80 q (milliseconds 36e 


0.25 t (volts) (36d) 


Y =40/y (volts) (36e 

With 

tions and parameter values obtained 

during a prior investigation of reactor 

kinetics, the computer equations can 
be derived from Equations 27-30: 


these 


G (40 +-0.67 
G +-200 —3.0W 
80 G’=(40+W+80 W’) 


[4.06 0.053(66.7 —W ; 
667-W ~” 03(66.7 — ) 38 


80 71” 15,000 Gt 39 
G +200 —3.0 VW 


? =14G'-% (40 


80 W’=W+40—-— (37) 


where: W, G, and analogs of 
w, g, and t, in volts 
W’, G’, and T’ = derivatives 
with respect to + 
P = operating pressure, psia 
Control of the batch hydrogenation 
process represents a combination of 
manual and automatic operations. Ex- 
cept for statistical treatment of input 
data, to be described subsequently, 
the manual control operations are 
readily mechanized with presently ex- 
isting equipment to fully automatic 
operation (though this was limited 
here by lack of time and funds). The 
computing facilities, batch reactor, 
and analysis instruments are located 
in separate laboratories as shown 
schematically in Figure 6. An inter- 
com system rapidly transmits analysis 
and control data between laboratories. 
The operating procedure is: 

The process composition is de- 
termined periodically by analyzing 
samples of the reaction mixtures taken 
at 5-min intervals, t,, t,, t., etc. Note 
that this is a realistic operation in 
that analysis instrumentation for a 
great many processes will not be (at 
least in the initial stages) automatic, 
continuous-acting, and lag-free. 

Composition values, y and y, are 
plotted against time. Smooth curves 
representing the functions y(t) and 
y(t) are fitted to these plotted points. 
The general shape of the curves are 
described by the kinetic equations for 
the reactions, Equations 19 and 20. 

The curves are extrapolated 
(over the composition measurement 
time delay) to the time t, correspond 
ing to the next sample period. The 
composition values y(t.) and y(t, 
taken off the curves, are transmitted 
as new w, and q, values. 

The computer solves the optimiz- 
ing and control equations (Equations 
37 and 38 to determine the minimum 


transformation equa- 


FIG. 5. Refractive in- 
dex vs. oleic plus elai 
dic acid concentration. 
I'his calibration curve 
was used, instead of 
looking for explicit rela- 
tionship 


-—— 


Refractometer 


FIG. 6.Schematic of op 
erating procedure for con 
trol of the batch reaction 


time path from composition 
y(t.)] to the specified final composi- 


tion [yy, y/]. The resulting G (7) func 
tion is sampled to pick off values G,, 


G,, G,, . . . corresponding to successive 


ee periods. These are converted 
to pressure values Py, P;, Ps, . by 
application of Equation 40. E ‘quation 
40 is plotted on log-log paper. Values 
of P are read off (manually) for com 
puted G values corresponding to 
uniform increments of time. These 
pressure commands are then trans 
mitted to the reactor through the in- 
tercom system. The sampling is ob- 
tained by means of sampling pulses 
whose width is proportional to process 
time as determined by Equation 39. 

The reactor pressure is manipul- 
ated according to the P(t) values de- 
fined for the interval immediately 
following t,. Note that each new 
sample period supplies the computer 
with new conditions from which an 
other set of P(t) values is determined. 
This supersedes the previous set and 
provides the pressure control signals 
for the next immediate interval. 

The computer circuitry for Equa- 
tions 37, 38, and 39 is shown in 
Figure The programming is rela- 
tively straightforward except for the 
generation of the function G**, de- 
signated in the upper left by the 
block S*. G** is generated by using 
a Philbrick squaring component, with 


y(t.), 


nfrared 
anolyzer 











Contro 
center 


its exponent modified to 2.38, in the 
feedback circuit of an operational 
implifier. 


Computing interval 


An important part of the computer 
is the definition of the computing in- 
terval, which starts at r =0 and ends 
it z,. According to Equation 36c 
(considering the initial value of q to 
be ZeTO 

r; =80 gy 


Replacing q, by its equivalent in terms 
of Y, and }¥ Equations 22b and 
36e) and solving for Y 

} Y 1267 , (41) 
But this may be obtained from the 
solution to the first-order equation 

aY 40.0125 Y=Y, (42) 
for the conditions Y 0, + 0; and 
Y= f, . Accordingly, the com- 
puting Laaseval is established as fol- 
lows: A step input of Y, volts is ap 
plied (at + 0) to the computer 
circuitry solving Equation 42 under 
zero initial conditions. When the 
voltage Y reaches the value Y,, a pulse 
P, is generated which terminates the 
computation and identifies the end 
of the computing interval 7,. 

The circuit for generating the com 

puting interval is shown in Figure 
8; the resulting pulses are fed to 
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l67v 
Equations N 
80W'=W+40-GQ/S Q=40+67W 7. 


GQ T= 80q 
806: “g (4GR- 053/R) W: 40w 


C *-Capacitance inserted for circuit stability = 270 pyf 
2. S*-Philbrick K3-S component (exponent adjusted to 2.38) 


les Ey | . i 
801 IS000H/S G= 200q 3 5 epresents electronic gate; circuit is open when pulse P 


H=6" T= 1/4 4 
R = (66.7-W) 
S = 6+200-3W 


FIG. 8. 


computing interval. 


is negative, closed when P is positive 
C is expressed in milliseconds 
9. Resistance values are given in megohms, capacitances are in 
microfarads 
6 See figure 8 for circuit generating pulses P,,P, and P, 


5 


FIG. 7. Computer 
circuit representing 
the optimizing and 
control equations ob 
tained from the kin 
etics of the reaction. 


This circuit generates the pulses that establish the 
During interval the equations in Figure 7 


are solved much faster than the process proceeds 


appropriate points of the computer 
circuitry, l’igure 7, to solve the control 
and optimizing equations. The com 
puter operates repetitively, generating 
a solution to the differential equa- 
tions about 20 times a second. Elec- 
trical pulses, produced by pulse gene: 
ators PG triggered by the computer, 
introduce initial and final conditions. 

Figure 9 helps to explain computer 
operations. ‘The computing interval 
starts (at 7 0) as soon as the 
clamping pulse P. goes negative 
This releases the integrators from 
their zero initial conditions and al- 
lows the computation to proceed 
according to the control and opti- 
mizing equations set up on the 
computer. The computing interval 
ends (r;) the instant that Equation 
41 is satisfied. This is the point 
at which the voltage Yi—Yy ser, 
passes through zero (see top curve 
of Figure 9). High-gain amplification 
and clipping of this voltage produces 
triggering pulse P,. This sets off gating 
pulses P, and P., which establish the 
error sensing interval, to be described 
below. P, pulses are of a fixed shori 
duration. Their trailing edge triggers 
pulse P, which generates the clamp- 
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ing pulse P., establishing the clamping 
interval. ‘The clamping (P. positive ) 
forces the integrator output voltages 
to zero. When P, goes negative 
again, the integrators are released 
once more and the cycle repeats. 


Initial conditions 


Initial conditions are applied di 
rectly by adding the appropriate volt 
age to the integrator output. That 
is, if the input to the integrator is 
dW/dr, then the output, neglect 
ing the change of sign and the in- 
tegrator constant, is W — W,. Add- 
ing the initial value W, then produces 
the desired variable W. Note that 
the integrator output is zero at the 
start of the computing interval be- 
cause of clamping. Consequently: 


W—W;=0 at r=0 


which is consistent with the defini 
tion of W,. 


Boundary conditions 

The technique described here was 
developed in connection with the 
present study and proved to be very 
effective despite its simplicity. How 
ever, it is adaptable only to high- 


speed computers operating 1¢ petitively 

The boundary condition is satisfied 
by manipulating G, (the initial con 
dition for Equation 38) until 

W—W,=0 at r=7, 
This is accomplished automatically 
by using the differences W W, 
as the error signal to apply a cor- 
rection to the G, value of the pre 
vious computation. 

At the instant +, the P, pulse 
grounds the input to the integrator 
generating W to fix the error signal 
during the  error-sensing — interva! 
Simultaneously, the P, pulse applics 
the error signal to the input of 
another integrator output 
(which is never clamped) is desig 
nated G,. Integration of this error 
over the error-sensing interval pro 
duces a change in G, proportional to 
the error and in the direction to re 
duce error to zero, as shown on the 
W and G, plots in Figure 9. The 
G, voltage is maintained constant 
outside of the error-sensing interval 
by action of P,, which grounds the 
input to the G, integrator. 

The G, value adjusts itself over 
the course of several computing cycles 
until the error signal is zero. ‘The 
computer equations then satisfy the 
given conditions and G, remains con- 
stant. When the conditions change, 
the operations outlined above repeat 
until a new balance is achieved. Be 
cause of the high repetition rate, this 
new equilibrium is reached within 
a fraction of a second and the com 
puter thus responds instan 
tancously to variations in Y, and W 
that reflect the course of the reaction 

The computer determines the op 
timum path from the present state 
of the process to the desired final 
state. Consequently, the initial value 
G, represents the required operating 
condition for the process coincident 
with the start of the computing 
period Since the computation is 
repeated many times faster than the 
rate at which the changes, 
and since each computation is based 
on the existing state of the process, 
the G, voltage traces, in stepwise 
fashion, the G (r) curve correspond- 
ing to the optimum path. Therefore, 
it is possible to use this voltage di- 
rectly to manipulate the pressure. 

The control action of a_ typical 
reaction is shown in Figure 10. ‘The 
steps are greatly exaggerated to em- 
phasize the self-regulating attributes 
of the procedure. ‘The abscissae t,, 
t., ts, . . . represent the start of the 
successive computing cycles (relative 
to the time measured from startup), 
while the ordinates Wi, Wa, Wis, 

. represent the corresponding com 
position values transmitted to the 
computer. The latter serve as the 


whose 


ilmost 


process 





initial conditions for the respectiv 
computations. In like manner G,,, 
ria, - . . Satisfy the boundary condi- 
tions W, for the successive cycles. 
The path of the computer solu- 
tion indicated by the dot-dash lines 
on Figure 10, and the one actually 
followed by the process is indicated 
by solid lines. Ideally, the dot-dash 
and solid curves should coincide. 
However, errors and approximations 
in equations, computer circuitry, and 


composition measurement introduce 


differences between the two. The 


dashed lines in the figure are the 
continuation of the solid lines and 
represent the composition path which 
would be followed if the same oper- 
iting (G) paths were maintained. 
Since each successive computation is 
based on the new initial conditions 
(the present state of the process) the 
end-point draws closer as the reaction 
proceeds and the discrepancy in final 
composition becomes smaller. 


RESULTS 


A comparison of the results of an 
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FIG. 9. Pulse-phase relationship 
during repetitive solution on the 
computer of typical optimizing 
and control equations. In a frac- 
tion of a second, as seen on the 
bottom curve, the computer rap 
idly reduces the error of the G 
signal, which in turn determines 
the operating pressure for the 
next interval 


FIG. 10. Step-by-step, the proc 
ess converges to its specified final 
composition under the influence 
of the computing-controller 


Expanded time scale 


Computer 
repetitive > 
period 





optimized run with the results of 
a conventional run dramatizes the 
benefits of computing-control. In con 
ventional control of the batch re- 
action, hydrogen pressure is main 
tained constant during the reaction, 
which proceeds until the approximate 
range of the specified product com- 
position is reached. In optimizing 
control, hydrogen pressure varies under 
the influence of the signals generated 
by the computing-controller, and the 
reaction is forced to specified com 
position in minimum time. 

A constant-rate path run is ob 
tained by setting G’ (see Equation 
38) to zero; i.e., the computer de 
termines that constant value of G 
that satisfies the given initial and final 
composition values. The correspond 
found from Equation 
11 contains the plot of 


ing pressure i 
40. Figure 
the composition variables y and y 
vs. time for the constant-rate path 
run. It also shows the control pres 
sure called for by the computer at 
various stage of processing. Note that 
this is computing-control to a specified 
product without optimization. 
Theoretically, the pressure should 
be constant throughout the constant 
rate path run I'he observed varia- 
tions in control pressure are attri 
butable to errors in analysis, errors 
in parameter values set up on the 
computer, effects of 
reactions and idealization of reaction 
kinetics, and the time delay between 
taking measurements and insertion of 
new data into the computer. Control 
action, the action of the computing 
controller 


neglected sidc 


in manipulating the process 
pressure, compensates for these errors 


[he effectiveness of control 
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FIG. 11. Composition and pressure curves for computing-control 
constant-rate path run. Time to specified composition is 208 min. 


FIG. 12. Composition and pressure curves for computing-control 


optimum path rull 


is indicated by the closeness with 


which the specified final y and y com- 
position values occur simultaneously. 
The specified end-point was: 

Che actual end-point taken from th« 
smoothed curve in Figure 11] was: 


7 =0.435 when y =y; =0.350 

But though the computer forced the 
constant-rate path run to a satisfactory 
final composition, it took 208 min. 

In the optimizing path run the 
process was manipulated in accordance 
with the optimizing and control equa- 
tions programmed into the computer. 
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lime to specified composition is 160 min. 


I'‘hus, the computing-controller calls 
for a time variation in the operating 
pressure—such as to bring the reaction 
to its specified final composition value 
in minimum time. The results of such 
a run, Figure 12, show that: 
gy =0.450 when y = y; =0.350 
which is in very good agreement (con- 
sidering the experimental accuracy of 
composition measurement) with the 
specified end-point: 
ys =0.446; y, =0.350 
The optimum path run took only 
160 min, a significant decrease in 
time from the 208 min for the cons- 
tant-rate path run. Thus, optimizing 


control resulted in a 23 percent reduc- 


tion in batch time. 
FURTHER RESEARCH 

Case Institute’s work has been in 
the nature of an exploratory investiga- 
tion into the feasibility of computing- 
control of industrial processes. ‘Though 
the two years of study have produced 
gratifying and encouraging results, 
there are many important aspects yet 
to be thoroughly examined. Among 
these aspects are: 

1. Solving the optimizing control 
equations of the hydrogenation proc- 
ess on a_ general-purpose digital 
computer. This will permit more ac- 
curate performance, handling of com- 
plete equations without simplifying 
assumptions, automatic curve fitting 
and data smoothing, and time-sharing 
of the computing-controller. 

2. Studying self-checking and feed 
back in the computing-control loop to 
improve methods of handling process 
information and determining and ap 
plying parameter corrections. Self- 
checking adjusts the parameters of the 
computer equations such that th¢ 
computer accurately describes process 
behavior in the vicinity of the operat 
ing point. 

3. Optimizing the control of a 
continuous process by studying thc 
methods for compensating for dy- 
namic lags in measurement and 
control, deriving optimizing equations 
which include the process dynamics, 
and deriving techniques for comput 
ing-control of a continuous process. 

4. Studying the economic aspects 
of optimizing control. This will in 
clude the development of cost-of 
production equations for a_ given 
process in terms of manipulated vari 
ables and an evaluation of contribu 
tions of the computing-control system 
to the overall economic picture. 

5. Eventually, after the principles 
and techniques of process optimiza- 
tion have been fully developed, put- 
ting them to a practical test on an 
on-stream industrial process. 
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NOW ...the P-4 controller is better than ever! 


Back from a thorough redesign, the P-4 has more to 
offer than ever before. All the advantages proved in 
years of actual use have been retained ...and more 
have been added. Chief among the improvements re- 
sulting from this complete re-evaluation are: 


e@ Even lower steady state air consumption—and 
increased amplifying relay capacity 

e Improved linearity plus increased gain in the 
error detection network 


e Greater independence from dirty air supply 
e Easily accessible external alignment adjustments 
e Improved frequency response characteristics 


e Greater flexibility —new “Universal” design pro- 
vides 2-50% proportional action, on-off controller 
action, 2-100% differential gap action—in one 
controller! 


Brilliant instrument design has permitted all these im- 
provements with no change in bellows construction or 
motion balance principle of operation. In-case models 
still feature completely integrated in-the-case accessor- 
ies, free of troublesome links or complex external mem- 
bers. And they can still be mounted left or right with 
equal ease, permitting two to a single case if desired. 
Of course, a complete line of plug-in models for use 
with miniature instruments is still available. 


If you’d like to investigate the renewed P-4B con- 
troller first hand, call in the Fischer & Porter fieid 
engineer serving you... or write for new Catalog 53P- 
4000 to Fischer & Porter Co., 797 County Line Road, 
Hatboro, Pa. In Canada, write Fischer & Porter (Can- 


PERFORMANCE SPECIFICATIONS @ SERIES 53P—P-4B CONTROLLERS 
Output pressure—3 to 15 or 3 to 18 psig 
Set point and process pressures for field or plug-in models 


Index tracking at any output pressure 
controller) 


81015 psig 
within 1 of scale (Reset 


Temperature limit—-225 F 


0 22 psig 


Supply pressure—1 7 


Zero frequency gain (Reset controller)—approximaiely 300 


Derivative gain—approximately 12 


Field mounting manifold cut-off valve—air to open 


Steady state air consumption—0.08 scfm 


In Case 
Controllers 
On-off 53PR 4101 


“‘Universal’’ controller; 2-50% proportional, 
on-off, and 2-100% differential gap 


Proportional only 

Proportional plus fast derivative 

Proportional plus slow derivative 

Proportional plus fast reset 

Proportional plus slow reset 

Proportional plus fast derivative plus fast reset 
Proportional plus fast derivative plus slow reset 
Proportional plus slow derivative plus slow reset 
Ratio— Proportional plus fast reset 


Plug-in And 
Field Mounted 





53PR 4241 
53PR 4301 
53PR 4411 
53PR 4421 
53PR 4511 
53PR 4521 
S3PR 4611 
53PR 4631 
53PR 4621 
53PP 4511 


53PN 4240 
S3PN 4300 
53PN 4410 
53PN 4420 
S3PN 4510 
53PN 4520 
S3PN 4610 
53PN 4630 
53PN 4620 
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ada) Ltd., 2700 Jane Street, Toronto, Ontario. 
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FISCHER & PORTER CoO. 


Complete Process Instrumentation 
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3 neorous to call on Brush 
tot complete Aorwiice in woguélic. bends 





EXPERIENCED 
DESIGN ENGINEERING 


Brush’s engineering group is 
equipped to start with your basic 
requirements—carry on with com- 
plete development and design. 
The same broad design concepts, 
materials and processes which 
have been applied so successfully 
throughout the years to thousands 
of heads now can be used to meet 
your own requirements, what- 
ever they may be. 


2 | UNMATCHED PRODUCTION FACILITIES 


Brush is the largest commercial source of magnetic 
heads, offers both the physical facilities and manu- 
facturing know-how for any type of head you may 
have in mind. Brush facilities assure quality work- 
manship plus on-time deliveries. 





3 A COMPLETE RANGE OF 
EXISTING DESIGNS 


In addition to special services, Brush offers o 
complete range of single channel and multi 
channel designs immediately available or 
easily modified to fit your requirements 


® Static reading or flux-responsive heads with output 
independent of tape velocity 

© Structures which stand up under extreme environ 

mental conditions 

Full metal face for reduced oxide pickup, less noite 

in FM systems 

Special pole pieces for higher resolution 

Low loss materials and thin laminotions for high 

frequency applications 

Integral interlace heads for easy, accurate replace- 

ment 

Close spaced record and read gaps for immediate 

read-back of recorded signols 

Closer spacing to increase number of channels on 

a given width ‘of tope 


Brush applies the newest design and construction 
techniques to a complete range of multichannel he. 
You have a choice of electrical features in a wide 
number of mechanical designs. 


For information on Brush’s complete design-development—manufacturing service write Dept. N-90. 
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3405 Perkins Avenue, Cleveland 14, Ohio 
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Using the diffused-meltback process 


G.E. gets the most from silicon... 


a 


Before going through the diffused-meltback operation, 
a crystal of silicon is sawed into wafer-form: wafers are 
then diced to produce 4000 to 5000 individual silicon 
bars. Photomicrograph at left shows size-comparison of 
a silicon NPN bar. or pellet, with human hair (Arrow 2). 
“Tear drop” at end of bar is formed during meltback 
process. Micro-thin base, or “P”, region (Arrow 1) is 
created through G-E diffusion technique. Base regions of 
2-micron size are made with relative ease. 








Curves illustrating impurity distribu- N-TYPE DONORS 


tion after diffusion. P-type impurities 
in the high concentration side of the 
meltback junction diffuse, within 
solid semiconductor, into “plateau” 
region of low impurity concentration. 
High resistivity “plateau” contributes 
to elimination of punch-thru effects. 
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to put the most into transistors 


High degree of uniformity and control in junction 
formation. General Electric’s diffused-meltback 
process was developed by Dr. I. A. Lesk of the 
G-E Advanced Semiconductor Laboratory. The de- 
velopment came about as the result of Dr. Lesk’s 
efforts to create a transistor manufacturing process 
that would yield high-quality results at reasonable 
cost. 

Not only does the G-E diffused-meltback process 
result in a maximum number of transistors from a 
single crystal (4000 to 5000 NPN transistors), but 
it offers an extremely high degree of uniformity and 
control in transistor junction formation. 


Opens the door to high frequency performance. 
Diffusion of a melted-back silicon bar, or pellet, is 
the final step in the diffused-meltback process. It’s 
the stage in which the micro-thin base, or “P” 
region is formed, establishing the final NPN trans- 
istor structure. Because the actual diffusion is ac- 
complished over a high temperature heating cycle 
lasting several hours, the need for split-second ac- 
curacy is eliminated. The result is a high degree 
of process control. 

By proper choice of the initial impurity concentra- 
tions and the time and temperature of the diffusion 
cycle, heavily-doped base regions as thin as 2 
microns are easily obtained. These micro-thin, uni- 


form base regions are the “open-sesame”. to ex- 





Ordering Data—G-E Silicon NPN Transistors 

High Frequency Amplifier Type 

ask for: 2N429 (formerly 4JD4A2) 

Computer DCTL Type 

ask for: 2N430 (formerly 4JD4A3) 

General-Purpose Amplifier Types 

ask for: 
2N431 
2N432 
2N433 


(formerly 4JD4A4) 
(formerly 4JD4A5) 


(formerly 4JD4A6) 45 to 100 











» 


tremely reliable high frequency transistor perform- 
ance. 


High current gain. Silicon NPN transistors feature 
inherent high current gains and high frequency 
cut-offs. The diffused meltback process permits 
mass production, since it combines the principles 
of impurity segregation and solid-state diffusion. 
G-E silicon NPN transistors are nominally rated 
for 25 megacycles, but with useful gain to 50 mega- 
cycles—the highest frequencies offered by any mass- 
produced silicon NPN triode on the market today. 
All production units are aged at extremely high 
temperatures for over 150 hours. This is to provide 
maximum stability of I,, and current gain (beta). 
The header assemblies of G-E silicon NPN trans- 
istors are constructed of high-purity materials. A 
gold-silicon alloy is used for end connections: the 
base lead is pure aluminum. There are no solders 
or fluxes, eliminating any danger of transistor 
“sleeping sickness” caused by corrosion at soldered 
junction points. 


Outstanding For Switching Applications and 
Linear Amplifier Use. The gold-alloy mountings, 
with a melting temperature of over 350°C repre- 
sent the lowest melting point of the entire trans- 
istor assembly structure. The G-E Series 4JD4A 
silicon transistors provide reliable operation to 
150°C, with storage temperatures to 200°C. 

With well-controlled high frequency characteristics 
and a low saturation resistance of 4 ohms, G-E 
silicon NPN transistors are “naturals” for switching 
applications and linear amplifier use. 


Would you like complete specification informa- 
tion? Please contact your nearest G-E Semicon- 
ductor Products district office, or write to Gen- 
eral Electric Company, Semiconductor Products, 
Section $1697, Electronics Park, Syracuse, N. Y. 


. | ae a 


View of uncapped G-E silicon NPN diffused- 
meltback transistor, showing mounted silicon 
bar with aluminum base lead connected. Bar 
ends attached using a gold-alloy mounting 
technique. No solders or fluxes are used. 
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Diffusion furnace. Operator places 
quartz vials, with large quantity of 
silicon bars, in furnace. Diffusion oc- 
curs through high-temperature heating 
cycle lasting several hours. 


An aging oven in which G-E silicon 
NPN transistors are aged at ex- 
tremely high temperatures for over 
150 hours. Provides maximum sta- 
bility of I¢o and current gain (beta). 
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ELECTRO-SNAP ELECTRICAL CONTROLS | 


ELECTRO-SNAP Engineering has solved many design and 


HERE’S HELP 
we have given 





to others... 
emergency fire control 
this plunger-actuated, multipole 
we know we assembly is installed at the flight 
engineer’s console on the 
Douglas Globemaster. It feathers 
can help you! ans closes cowl and oil cooler 
doors, releases extinguishing 
fluid to one or more of six 
compartments, stops fuel and 
electrical service to fire area. 





We’ve been solving complex aircraft problems 
for years with precision-engineered assemblies like those 
shown here. Many of these we now make on a 
production basis were developed as a special 


answer to a specific problem. 
SRS eR 
The design ,and precision manufacture of reliable 


SEND US YOUR 
switches and controls is our only business. If you have a CONTROL PROBLEMS 


control problem, send it to us; our engineers rns tr coming 
details on our 


will work with you closely in designing an answer—and standard switches. 


producing it in any quantity . . . economically. ——————, 





CONTROL ENGINEERING 





precision control 


of aircraft landing gear is assured by 
this complete nose gear harness assembly 
which includes Electro-Snap hermetics. 


rotary 


fire control switch release 
switch 


. assures proper sequen 
powering and during edhe, seni accurately con- © 4 
7 i conditions. Eliminates pilot trols release of fuel Bey 
de- ene error by controlling ota tanks and other objects from 
projectiles is dependably functions when single aircraft. Positive detent action 
accomplished with this handle is pulled. assures finger-tip con- 
compact, hermetically-sealed trol and dependable performance. 
assembly. Automatically 
actuated, it can be manually 
overriden. Design utilizes 
E-S rotary hermetic seal. 











accurate control 


of landing gear position is accomplished by 
this precision rotary hermetically sealed 
switch. Actuation occurs on either 

side of center within extremely close limits. 


rocket safety 
switch 


assures tandem rockets will P= tem 5 ae i cs he .. = 
fire in proper sequence. a 
Also indicates when rocket 


SWITCH & MFG. CO. 
has been fired. 
4248 W. Lake Street, Chicago 24, Illinois 





SAFETY THROUGH CONTROLS — OUR ONLY BUSINESS 
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NEW PRODUCTS 


Designs of the Month Control Devices 
Research & Development Power Supplies 
LISTING IN GROUPS Measurement & Data Transmission Final Control Elements 
Information Display Instruments Component Parts 
Analysis Instrumentation Accessories & Materials 


PRESSURE PORT 
BALL BEARINGS 


AND SEALS 


BALL BEARINGS 
AND SEALS 


EXHAUST PORT 


SERVO VALVE 


@,= Valve displacement R= Mean radius 
= Vane. displacement P=System pressuré 
T= Torque output A= Area of vane 
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CONTROL ENGINEERING 


ROTARY ACTUATOR has integral servo valve 


Ihe ICP Integral Servo Valve Rotary Actuator, shown 
here in a cutaway sketch, can be considered a closed-loop 
servo. Its output and input circuits are hydraulically inter- 
related so that the output shaft will always take the position 
commanded by the input shaft. The device is in reality a 
high-power, high-torque amplifier, because a small input 
torque (in the order of inch-ounces) can control an output 
torque of thousands of foot-pounds, depending, of course, 
on the size of the particular model. The input shaft may be 
driven mechanically by means of cables, rods, or some other 
device. Electrically, a servo motor, synchro, or rotary sole- 
noid can do the job. 

The unit eliminates the need for all but two connect.ons, 
one each for pressure and exhaust. Models are available with 
one set of vanes which move through an arc of 270 deg. A 
second set of vanes gives twice as much torque, but the arc 
is cut down to 95 deg. Six sizes are available, with diameters 
ranging from 4 to 12 in. Output torques vary from 7,500 
to 360,000 in.-Ib. at 1,000-psi hydraulic pressure. Operating 
time for extreme travel is approximately 3 sec per stroke at 
flows of from 8 to 60 gpm. Optimum torque amplification 
is 1,500. The time constant of the unit is in the vicinity 
of 0.05 sec, with a break frequency of 20 rad per sec. 

For a brief static servo system analysis, consider sketches 
A and B. Sketch A simplifies the valve representation by as 
suming that the outer cylinder and the movable vane rotate. 
X is the stationary or fixed vane. Assuming the valve to be 
rotated at constant velocity, the steady state torque at the out- 
put shaft equals P x A x R (see the nomenclature). 

After the system is at rest, assume that the valve is moved 
through a finite angle. The valve opening is then equal to the 
difference between @, and @,. Next, assume a constant, C, 
equal to vane displacement per second divided by unit valve 
displacement. This constant depends upon valve design, flow, 
and pressure. If the effect of the load is negligible, then: 


62 1 


np = = le — 
C (0;— 92) 8 62, or 6: i+(s/C) 


where s is the Laplace operator. The first equation says that 
the velocity of the output vane is proportional to the valve 
opening for a fixed set of conditions. In the second equation, 
1/C equals r, the time constant of the system. Oscillating the 
valve over an incremental angle will cause the output shaft to 
oscillate at the same frequency. Sketch B shows the ratio 
6./@, in decibels plotted against log frequency in radians. This 
is a single time constant system and cannot be unstable if the 
dynamics of the load can be neglected.—Industrial Control 
Products, Inc., Caldwell, N. J. 
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TORQUEMETER features radio link. 


The Shepard Torque-Meter is an encapsulated, transistor- 
ized device that will measure both torque and horsepower 
with a high degree of accuracy. Signal information of interest 
is transmitted from high-speed rotating machinery by radio 
link. The unit will operate for about 200 hours on a single 
mercury cell. 

Applications include measurement of: torque and horse- 
power in turbine machinery, thrust or horsepower in jet 
engines, and horsepower in automobile engines. 

Specifications cover a horsepower range of 0 to 5,000, a 
torque range of 0 to 10,000 Ib-in., and operating speeds to 
45,000 rpm. System accuracy is within 1 percent of any 
full-scale reading.—Savage Industries, Inc., Phoenix, Ariz. 


Circle No. 2 on reply card 


NMR ANALYZER provides permanent record. 


The new Model 104 NMR high-speed moisture analyzer 
makes quantitative determinations of moisture content in a 
wide variety of solids (wood pulp, chicle, cotton, cereals, etc.) . 
Other products that can be effectively analyzed by the unit 
are soap, polyethylene, geological cores, clay, and fibrinogen. 
It carries out these analyses in from 30 sec to 4 min, as 
opposed to the 4 hours required by the oven or other conven- 
tional methods. Model 104 operates on the principle of 
nuclear magnetic resonance and is both a research and pro- 
duction instrument. Fast and accurate, it can be operated 
by an unskilled technician. Samples are not altered in any 
way, and may even be returned to stock——Schlumberger Well 
Surveying Corp., Ridgefield, Conn. 
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TEMPERATURE SYSTEM for 12 points. 


This resistance thermometry system designed specifically for 
rigid environmental conditions, such as missile and aircraft 
testing programs, permits the continuous monitoring of tem- 
peratures at 12 points within the vehicle. The photo shows 
that the plug-in bridges, available for a variety of tempera- 
tures and spans, are readily removed. Piled in front of the 
unit are multilayer gaskets used to seal around the sensor 
leads. Power comes from the missile (or aircraft) instrumen- 
tation supply, and both Stikon and Strapon resistance ther- 
mometer elements may be used as sensors. Acceptance tests 
cover temperature, altitude, humidity, shock, vibration, etc.— 
Ruge Associates, Inc., Cambridge, Mass. 
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MINIATURE RECORDERS weigh just 4.5 Ib. 


A new series of four miniature magnetic tape recorders is 
designed for collecting essential data in guided missiles, 
rockets, torpedoes, aircraft, and other military vehicles. 

Models MR-50 through 53 have ten times the tape capacity 
of units heretofore available and provide longer running 
times and higher tape speeds. Higher frequency response is 
therefore possible. All are seven-track units (six data tracks 
and one for timing), with a built-in transistorized timing 
oscillator. Standard tape speeds are 15 and 30 in. per sec. 

All units weigh 4.5 lb without armor, and measure 5.3 in. 
in diam by 7 in. long. They are designed to survive 1,200 g’s. 
—Northam Electronics, Inc., Altadena, Calif. 
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TRANS 


The Model 912 Com- 
vor, an audio frequency 
shift terminal, is used in 
the transmission of tele- 
meter, telegraph or con- 
trol signals over either 
wire line, microwave, or 
carrier. Up to 60 indtvi- 
dual information chan- 
nels are available in the 
audio spectrum. 

Reliable frequency 
shift method of keying is 
used. All essential con- 
trols such as transmitter 
output level and receiver 
input level are included. 

Each terminal contains 


Continuous 
Control its own power supply 
which provides an addi- 


of tional 60 milliamperes at 
both the transmitter and 
PUMPS receiver for the opera- 
VALVES tion of relays, stepping 
MOTORS switches, selector mag- 
GENERATORS nets, and other compo- 
RELAYS nents used in telemeter- 
ing, control and tele- 
graph applications. 


RFL 
Model 912 
Operates over 

Wire Circuit 
or Microwave 


Reliable 
HIGH-SPEED 


WE CAN HELP YOU 
Our Applications Department is 
ready to assist you in your control, 
telemetering or communications 
problem. Phone DEerfield 4-3100. 


LOMA ELALG) 
LABORATORIES, INC. 
Boonton, New Jersey, U.S.A. 
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RESEARCH, TEST, 
& DEVELOPMENT 


TO 16 CHANNELS 


The Type CR-1B Cathode-Ray Re- 
cording Oscillograph can simultane- 
ously record up to 16 channels of 
phenomena at frequencies as high as 
106,000 cps on a single 8-in.-wide 
record. Extremely accurate, simple, 
and dependable, the unit is a complete 
high-precision recording system with 
its own power supplies, preamplifiers, 
deflection amplifiers, and recorder. As 
may be seen in the photo, eight dual- 
gun cathode-ray tubes are used. Traces 
developed across the tube faces are 
sharply focused by the optical system 
and recorded on photographic film 
or paper. Eight speeds, from 3 to 400 
in. per sec, may be selected by means 
of front-panel pushbuttons which ac- 
tuate separate magnetic clutches. Con- 
tinuous records of 400 ft. and shorter 
ones (from 1 to 50 ft) can be run.— 
Consolidated Electrodynamics Corp., 
Pasadena, Calif. 
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FAST CONVERTER 


The high-frequency, low-time-constant 
converter shown here is said to be 10 
times faster than other available in- 
struments, and so inherently accurate, 
says the maker, that it can be used for 
secondary standard bridge readouts. It 
can measure fluid-flow _ transient 
changes in 0.75 millisec (in contrast 


to the 200-millisec response ordinarily 
available), and thus should be useful 
in tachometry to record hitherto un- 
detected speed changes. Input fre- 
quency ranges of from 250 to 2,500 
cps can be extended down to 25 cps 
and up to 10,000 cps. Output voltage 
into 30 ohms is 6 to 10 volts. The 
output can be varied to match the 
output of any type recorder. Unit is 
available for rack mounting or in a 
case measuring 10 by 21 by 8 in. Price 
is $1,500.—Potter Aeronautical Corp., 
Union, N. J. 
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LAB PRECISION 


This new battery-operated ac elec- 
tronic voltmeter, featuring an_all- 
transistor design and printed wiring, 
is intended for laboratory-precision 
field applications. Known as the Type 
10A, it is compact and light, and can 
easily be carried in one hand. Volt- 
ages from 1 mv full-scale to 300 volts 
full-scale can be measured in the fre- 
quency range of 20 cps to 500 ke. 
Because of a large meter swing, voltage 
differences as small as 0.5 percent can 
be detected. The entire unit measures 
6 by 8 by 6 in. and weighs 5 Ib. 
Consolidated Electrodynamics Corp., 
Pasadena, Calif. 
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AVAILABLE FOR TRIAL 


Pictured is a new transfer function 
analyzer that provides, on two meter 
dials, all the information required to 
plot phase and gain diagrams. Fre- 
quency range of the instrument is 
0.5 to 1,000 cps. So convinced is the 
manufacturer of the instrument’s ex- 
cellent performance that it is offering 
prospective users a full week’s trial 
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See Masoneilan Equipment in 


Action at the I1.S.A. Exhibit... 


Cleveland, Sept. 9-13, Booth 1332 









NOW... 


for one of the latest results 


of Mason-Neilan's product 
development program 


TURN THE PAGE 
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MASONEILAN 
TEMPERATURE 
TRANSMITTER 
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mounts easily on 
underside of 
base plate 


















Important design differences in this newly developed 
force-balance transmitter offer advantages in 
accuracy and dependability. For example: 


e Balanced Beam design permits mounting in any position 
without zero shift. 


e@ Unit subassembly construction permits removal (for change 

of range, replacement or maintenance) of thermal system; 
compensating bellows; feedback bellows; pilot; range span adjustment 
assembly; derivative unit; gasketless nozzle — any or all without 
disassembling beam assembly in any way. 


e All adjustments visible and accessible without disturbing any 

other part of the mechanism. Range span setting is unaffected 

by vibration. 

e@ Protection against damage is provided for thermal system by a 

beam stop and the overrange feature; for compensating bellows 

by built-in stops; for entire unit by rugged weatherproof case. 

@ Indicating Receiver Gauge may be installed directly in manifolded 
base plate — no piping or tubing required. 
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A Pressure Transmitter, Too: The temperature trans- 


mitter may be readily converted to a pressure trans- aA AS oO Pe a ee EILAN 


mitter by substitution of a pressure element for the 
thermal system (within limits imposed by pressure 
conditions and characteristics of measured fluid). 


Division of Worthington Corporation 
53 NAHATAN STREET, NORWOOD, MASSACHUSETTS 


Write for bulletin or secure details 
from our nearest office. AB pivetsare 


The unit has been skillfully put together in a 
— compact package whose greatest dimen- 
sion is 6%” and whose weight is only 


— _ ™ =, 
=, ». about 8 pounds. Range spans presently 
a \ available are 50, 100, 200 or 
ke A : i ane, §=6400°F between overall 
- - s = . 
—— " <4 limits of minus 100 
| 


to plus 1000°F. 
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New Mason-Neilan Plant and Offices in Norwood, Mass. 


Greatly increased and growing facilities of our new plant permit acceleration of product 
development for the advancement of 


PROCESS 


to meet the requirements of expanding and increasingly control-conscious industry. New, or 
improved, realistically-engineered products, now in various stages of development are 
scheduled to join the Mason-Neilan quality line. 


voy 


MAJOR MASONEILAN PRODUCT GROUPS, Contro! Valves * Liquid Level 
Controls * Pneumatic Controllers * Regulating Valves and Auxiliary Equipment 


Ni ason-NeEILAN 


“Tr Spe Division of Worthington Corporation 
SEVENTY-FIFTH (.) ANMMWIVERSARY 


—_ 53 NAHATAN STREET, NORWOOD, MASSACHUSETTS 





Soles Offices or Distributors in the Following Cities 
New York * Syracuse * Chicago © St. Louis * Tulsa * Philadelphia * Houston * Atlanta * Cleveland 
Cincinnati « Kansas City * Phoenix * Detroit * San Francisco * Louisville * Salt Lake City * El Paso 
Albuquerque * Charlotte * Los Angeles * Corpus Christi « Denver * Appleton * Birmingham * New 
Orleans» Seattle * Jacksonville » Wilmington * Mason-Neilan Regulator Co., Ltd., Montreal & Toronto 








NEW PRODUCTS 


without obligation.—Solartron, North 
Hollywood, Calif. 
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DRIFT-FREE STABILITY 


The Model 202B combination dc 
microvoltmeter and amplifier uses 
proved chopper circuitry to provide 
high sensitivity with drift-free stability 
and high input impedance. Fourteen 
voltage ranges go from 300 mv to 
1,000 volts full-scale. Input impedance 
is 10 megohms on the 10-mv range 
and lower, 30 megohms on the 30-mv 
range, and 100 megohms on the 
100-my range and above. Overall, the 
instrument will measure as little as 
10 mv, and the amplifier alone has a 
maximum gain of 70 db. An output 
connector on the front panel provides 
for use as a low-drift de amplifier with 
high gain and very high input im- 
pedance. Price, complete with probe, 
is $350.—Kin Tel, San Diego, Calif. 
Circle No. 10 on reply card 





FUEL CONTROL TESTS 


Shown is a new automatic fuel-control 
test stand that cuts test time by 30 
percent. Outstanding features include 
a means of automatically programming 
certain operations of the test stand to 
specified requirements, and an auto- 
matic data-recording system that dis- 


plays graphically, as the test progresses, 
the performance curves of the control 
unit under test. Should these curves 
show a need for adjustment, the test 
can be stopped and the adjustment 
made immediately.—George L. Nan- 
kervis Co., Detroit, Mich. 
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VERSATILE DESIGN 


The Model 83 Signal Generator Series, 
designed for general laboratory work 
and rugged field applications where 
high accuracy in environmental ex- 
tremes is required, consists of a basic 
power chassis and five plug-in r-f os- 
cillator assemblies. This arrangement 
provides the most useful portions of 
the frequency spectrum compactly and 
economically. Stability is within 0.1 
percent; accuracy within 0.5 percent. 
—BJ Electronics, Borg-Warner Corp., 
Santa Ana, Calif. 
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MEASUREMENT & 
DATA TRANSMISSION 








FOR LAMINAR FLOW 


The Type FM-100 Electro-Caloric 
Flowmeter pictured above was de- 
signed specifically for measuring mass 
flow rates of fluids in laminar flow. 
Measurements are based on the rate 
of heat transfer through the boundary 
layer of a liquid or gas flowing through 
a smooth-bore flow-cell. The measur- 
ing elements are completely separated 
from the fluid by the walls of the flow- 
cell and thus are protected against 
chemical and mechanical attack by 
the stream. Flow-rates of a few pounds 
per hour and less can be measured 
with excellent resolution, as can rates 
of highly viscous materials such as 
urethane prepolymers, glues, oils, and 
other hydrocarbons.—Industrial De- 
velopment Laboratories, Inc., Jersey 
City, N. J. 
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% RATED LIFE 


If you want 
reliable transformers 
..don’t overlook this old solution 


Right now, you demand more from 
transformers than ever before. You 
must have high reliability, even at 
extreme altitudes, and you need 
smaller lighter units. 


Used, and proved, for decades, oil- 
encased transformers should not be 
forgotten in a search for new 
methods. 


Everyone knows the advantages: 
effective convection of heat, excel- 
lent insulating properties, complete 
insurance against hidden leaks. Oil- 
sealed types (with a nitrogen bub- 
ble) are good, light, high-altitude 
transformers. Gas-free oil-filled 
types (with a bellows to allow for 
heat expansion) withstand very high 
voltage stresses. Except in the small- 
est sizes, they save space, too. 


You can place several high voltage 
units close together in a single oil- 
filled case, and save case weight. 
Those connections moved inside the 
case no longer need large insulators. 
Even the units themselves can be 
smaller. This all adds up—particu- 
larly in high altitude service—to 
interesting savings in space and 
weight. 


We make all sorts of transformers 
and special assemblies for the com- 
munication industry: encapsulated, 
cast in epoxy or foam, and just potted 
in pitch. But oil transformers still 
have an important place. 


Whatever type you need, we'll be 
glad to hear from you. Our facilities 
in design, production, and quality 
control are at your service. Our 
experience, too. 


CALEDONIA 


[ ELECTRONICS AND TRANSFORMER CORPORATION | 
Dept. CE-9, Caledonia, N. Y. 


In Canada: Hackbusch Electronics, Ltd. 
23 Primrose Ave., Toronto 4, Ontario 
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GET THIS 
HANDY GUIDE 
*° BETTER VALVES 


on: — e 


LIQUID 
LEVEL 
rep. Ue) ot) 


Shows complete line of Penberthy valves 
and liquid-level gages for power, petro- 
leum, and process industries. Includes 
technical data, parts, price lists, and 
accessories such as: 


HEATING AND COOLING GAGES... for accu- 
rate readings where liquids must be cooled 
or heated to obtain exact measurement. 


INSTRUMENT VALVE ... permits gage repair or 
replacement without shutdowns. Back-seating 
stem permits repacking under pressure. 


FROST PREVENTIVE GAGE...eliminates frost 
build-up...assures dependable visibility. For 
industries where frosting interferes with 
accurate readings. 


HLLUMINATORS .. . plastic wedge distributes 
bright, even light along entire column. Non- 
glaring...dustproof for perfect illumination. 


WELDING PAD GAGES .. . where process con- 
ditions require observation windows as inte- 
gral part of vessel. 


PEA bs 


Penberthy Manufacturing Company 
Division of Buffalo-Eclipse Corporation 
1242 Holden Ave., Detroit 2, Mich. 


f 
Please send FREE copy of Catalog #36. i 
TITLE . 

i 


NAME 





ADDRESS. 





COMPANY. 
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NEW PRODUCTS 





FABRICATED NOZZLE 


Pictured are two sizes of a new fabri- 
cated flow nozzle. Advantages cited 
by the manufacturer include light 
weight, low cost, and ease of handling. 
The new units are about half the 
weight of forged nozzles of the same 
size, and can be delivered in half the 
time. So far, nozzles up to 24 in. in 
diam have been made, but quotations 
for a 30-in. model are being prepared. 
—Penn Instrument Div. of Burgess- 
Manning Co., Philadelphia, Pa. 
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RANGES TO 10,000 PSI— 


Here is a pressure transducer that 
operates continuously in temperatures 
from minus 65 to plus 300 deg F with 
less than 1.0 percent deviation in out- 
put. A unit for operation at 400 deg 
F is also available. Vibrations of plus 
or minus 25 g’s can be withstood on 
all axes, and overpressures up to 50 
percent cause no shift in calibration. 
Pressures range up to 10,000 psi 
absolute, gage, or differential, with an 
overall error of less than plus or minus 
1.0 percent. Gage and absolute models 
of this potentiometer-type instrument 
can be used in systems involving 


corrosive fluids.—Edcliff Instruments, 
Monrovia, Calif. 
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THRUST METER 


The Type 141LAl1 _all-pneumatic 
Gross Thrust Measuring System draws 
its power from compressor discharge 
pressure. The two components, one 
engine- and one cockpit-mounted, 
weigh a total of 1.5 lb. The system 
presents thrust on a 300-deg arc, 2-in. 
dial, and has a multiturn vernier for 
interpolation between 1,000-Ib dial 
graduations. Thrust evaluation is an 
important pretakeoff factor in jet 
transport operation.—Manning, Max- 
well, & Moore, Inc., Danbury, Conn. 
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WATER-COOLED 


All exposed parts of this new pressure 
transducer are of stainless steel and 
will resist oxidation under very severe 
conditions. The unit uses the same 
catenary diaphragm and tubular strain 
gage as an earlier air-cooled pickup, 
but has a very efficient water-cooling 
system that enables the diaphragm to 
withstand 5,000 deg F. Frequency re- 
sponse is extremely high, and flat to 
10,000 cps. Designed for rocket and 
jet engines, and other high-tempera- 
ture, high-pressure applications, the 
transducer is immune to external vi- 
brations and mounts flush so that vol- 
ume changes are negligible. Models 
are immediately available for 0 to 
1,000 and 0 to 2,000 psi ranges with 
99 percent full-scale accuracy.—Detroit 
Controls Corp., Norwood, Mass. 
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LINE TRANSDUCER 


A new device called the MOLT 
(Miniature Optical Line Transducer) 
is now available for automatic-control, 
data-reduction, and analog-computing 
applications. As a curve follower on 
existing X-Y plotters or strip chart 
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Librascope Desk-Size Computer 





Nuclear Power Components and Controls 
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SYSTEMS ENGINEERING 


The GPE Companies arc leaders in that small, select group in 
American industry which is broadly qualified to develop and 
produce the systems necded today for defense and industry. 
GPE leadership accounts for some of the most advanced sys- 
tems in use in business, television, aviation, marine, steel, oil, 
and other industrial fields. 

In Systems Engineering, highly advanced capacities and 
resources are prerequisite. Yet, no matter how highly advanced, 
they are of little use if limited to a few areas. Finding optimum 
solutions to complex systems problems calls for balanced com- 
petences. And beyond that, success calls for the consistent 
application of such competences at every stage — beginning 
with research, and extending all the way through development, 
production and final testing. 

No GPE company is limited by the boundaries of its own 
specialties. The basic GPE operating policy, GPE Coordinated 
Precision Technology, places at the command of each company 
in the group all GPE research, development and production 


GENERAL 


THE GPE 
PRODUCING 
COMPANIES 


PRECISION 


Q@ASKANIA REGULATOR COMPANY 
Q@ THE GRISCOM-RUSSELL COMPANY 
@ LiBRASCOPE, INCORPORATED 
Q@THE STRONG ELECTRIC CORPORATION 


EQUIPMENT 


Q@GENERAL PRECISION LABORATORY INCORPORATED 
QTHE HERTNER ELECTRIC COMPANY 
@ tink aviation, inc. 


| | 


facilities, and the skills and experience of the approximately 
4000 GPE technical men working in depth in the wide range 
of advanced capacities indicated in the chart above. 

Behind cach group working on a specific problem in one 
GPE company stands the whole group of GPE scientists, engi- 
neers and technicians with the answers — or the knowledge 
that will find the answers — to questions underlying and related 
to that problem. To the customers of GPE Companies this 
means that the concept and development of equipment, com- 
ponents and systems are not restricted or distorted by traditional 
allegiance to specific competences. 

The five systems illustrated, while products of different 
GPE companies, are all examples of the consistent application 
of balanced competences, achieved through GPE coordination. 
For brochure describing GPE Coordinated Precision Tech- 
nology and the work of the GPE Companies, or help on a 
specific problem, write: General Precision Equipment Corpora- 
tion, 92 Gold Street, New York 38, N. Y. 


CORPORATION 


@Grarvex, inc 
Q@KEARFOTT COMPANY, INC 
QSHAND AND JURS CO. @SIMPLEX EQUIPMENT CORPORATION 








The Gyro Guide System shown provides Latitude Corrected Gyro and Magnetic Slaved Heading 
information. Weighs 20 lbs. Max. random drift 3°/hour. 


FLOATED INTEGRATING GYRO 


3 Gyro Platforms, Floatéd Rate Integrating 
Gyros, Vertical, Free, Directional, Rate Gyros 
and Gyro operated rate switches—compact, 
lightweight, hermetically sealed 


CROWAVE 


COMPONENTS 


Including attenuators, directional cou- 
plers, crystal mixers, twists and tees 
for S, C, Xb, X and Ku bands. 


SERVO MOTORS, SYNCHROS 


High torque, low inertia Servo motors, Servo- 
moror-Generators, inertial and viscous damped 
Servo motors 3/4" to 1-3/4" diameter, Synchro 
Transmitters, Control Transformers, Resolvers, 
Repeaters and Differentials in size 8, 11 and 15. 


TEST SETS (for X, C, and Ku) 


A four-in-one instrument for func- 
tional testing of radar or beacon. 
Includes Wavemeter, Spectrum Ana- 
lyzer, Power Monitor, and signal 
generator. 
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WESTERN MANUFACTURING DIVISION 


CONTROL ENGINEERING 


to assistin the development and per celene aaticcme) melailas precision components yOu may require 
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Automatic Controls for 
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PRESSURE, FLOW and COMBUSTION 


4 As demonstrated at the ISA show 
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CONTROL ELEMENT 


The Model RF-697 Electrohydraulic Valve Actuator 


For Valves Requiring 

Less Than 200 Ibs. Thrust 

The Askania Model RF-697 Electro- 
hydraulic Valve Actuator comprises a 
self-contained unit designed for pro- 
portional-position control, using sig- 
nals from an electronic controller, 
manual station or directly from a meas- 
uring element. 

Smaller, more compact and designed 
for operating valves with 4 to 1% inch 
stroke requiring less than 200 lb. thrust, 
it operates from low level a-c or d-c 
signals. The d-c range is 1-5 or 4-8 
milliamperes. For operation on a-c 
signals internal rectifiers are provided. 


Design Provides Outstanding 
Operating Advantages 

Exclusive design assures stability, fast 
response, and dependable operation 
marked by an ABSOLUTE MINIMUM OF 
MAINTENANCE. Note these important 
operating advantages: 


1. Entirely self-contained 

2. Operates directly from controller 
without relays or converters 

3. Mechanically simple 

4. Easy to mount on valve—simple to 
install 

5. Competitively priced 


6. Designed to meet Underwriters’ 
Laboratories’ explosion-proof re- 
quirements for Class I, Group D, 
Division 1 service. 

















Wide Valve Mounting Adaptability 
The Model RF-697 Valve Actuator 
can be mounted on practically any 
valve. Typical valve mountings are 
shown at the right, above: 

A. Mounted to provide a lever arm 
B. Mounting for sliding-stem valve 
C. Mounted on butterfly valve 
Important Specifications 

Valve Stem Speed...5 inches per 
minute at 150 Ib. load 


Valve Stem StallingThrust...2001bs. 
Valve Stem Stroke...” to 14” 
Input Coil Resistance...Standard 
coil resistance approximately 
12,000 ohms at operating tempera- 
ture. 

Send for Application Bulletin 
No. 38.3 for complete information 
on this new Electrohydraulic Valve 
Actuator. Write Askania Regulator 
Company, 266 E. Ontario Street, 
Chicago, Illinois. 


| ASK ANIA recutaror company 


“CONTROLS FOR INDUSTRY” 


HYDRAULIC, ELECTRONIC CONTROLS & SERVOS, GENERAL SYSTEMS, 
ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 


A SUBSIDIARY OF 


GENERAL PRECISION EQUIPMENT CORPORATION 


SEPTEMBER 1957 





THE LIBRASCOPE 


Model 25 COMPUTING 
LINEAR INTEGRATOR 


for flow totalization + temperature 
recording averaging: 

area computations in gas 
analysis procedures 


Eliminates manual integration 
of recording data. 
Provides continuous integration. 
Direct reading and also remote 
reading through electrical impulse output. 
Fits all Standard or Miniature 
Strip Chart Recorders. 


The Model 25 Librascope Com- 
puting Linear Integrator is 
designed to provide a fast, 
accurate, reliable, continuously 
integrated total of data as it is 
being recorded or presented. 
Gloss (The Model 25 Computing Linear 
Switch Integrator ends inaccuracies of 
totalizing by eliminating manual 
integration.) The Model 25 can 
be installed on any device hav- 


Model 25 a eie ting Linear Integ isa ee tee cen ing shaft rotation or displace- 
grating mechanism assembled with a counter an elec- 
trical pulse output switch for remote recording. ments as an output. 





Time Input 
Shoft 


| 
Driving Diol Input from Recorder 
Pin Arm 





( 


Computors, Controls, Components 


IBRASCOPE 


Representatives 
located in principal cities 


A SUBSIDIARY OF 


Librascope, Incorporated * 808 Western Ave. * Glendale, California 


CONTROL ENGINEERING 


Model 25 Librascope Computing 
Linear Integrator mounted on a Strip 
Chart Recorder. In this position it 
accepts the output of the transducer 
or the recorder pen motion as an 
input 


Typical Adapter Kit of Model 25 
Librascope Computing Lineor Inte 
grator with parts. These include base 
plate, case, disc, roller, linkages, 
input shaft, bearings and carriage 
guides 


SPECIFICATIONS 


Shaft Rotation —0° — 100° 
Range —0% —100% 
Input Shaft Torque —0.1 in. oz. 
Outputs — 
Mechanical counter —4 digits 
Electrical Pulse 
DC Volts: 28 —amps.: 0.5 
AC Volts: 110—amps.: 0.5 
Size —3.0”x4.38” 
Weight — 1.5 (ibs.) 
Computer is sealed against dust. 


Installation kits are designed 
to fit any standard or 
miniature chart recorders. 
For detailed information of 
Model 25, write for 
Computing Linear Integrator 
Bulletin just released. 





NEW PRODUCTS 


recorders, the MOLT serves as part 
of an arbitrary function generator for 
analog computing or automatic ma- 
chine tool control. Edge finding, 
counting small objects, and extremely 
sensitive limit switching are other ap- 
plications. In operation, a medical- 
probe-type lamp produces a beam of 
light that is channeled through a clear 
plastic body and focused in a well 
defined spot directly beneath an end- 
sensitive photo-conductive cell. The 
reflected light causes the resistance of 
photocell to be characteristic of the 
surface that the MOLT “sees”. Unit 
weighs less than 4 oz.—Munro Elec- 
tronic Associates, Mansfield, Mass. 
Circle No. 18 on reply card 


FOR REMOTE CONTROL 


When keyed by switches for control 
applications or pulse-width signaling 
transducers for metering, the Model 
55 Transmitter (covered right) pro 
vides two independent signaling tones 
in the frequency range of 2.8 to 100 
ke. The receiver (uncovered left) pro- 
vides two independent regulated out- 
puts of 20 to 50 ma for recording 
transmitted data or, by means of 
plug-in hermetically sealed DPDT re 
lays, up to 20 amp at 250 volts for on- 
off control over each channel. De- 
signed for telephone lines or cables 
with up to 20 db attenuation between 
associated transmitter and _ receiver, 
these plug-in relays can control a 
1-hp motor without auxiliary contacts. 
They are intended for continuous un- 
attended service in remote locations.— 
Moore Associates, Redwood City, 
Calif. 

Circle No. 49 on reply card 


BRIDGE STABILIZED 


The Series BRJ bridge-stabilized T/C 
reference junction measures only 10 
by 10 by 15 in. and weighs only 25 
Ib. but provides a more precise con- 
trolled temperature reference for multi- 
channel thermocouple measurements 
than ice bath and cold junction com- 
pensators. “Three-wire” junctions al- 


low a choice of thermocouple material 
in each channel (up to 48 are available 
in cabinet or rack-mounting standard 
models). Long-term stability within 
t deg F is obtained with an integral 
resistance-bridge temperature-sensing 
system and magnetic-amplifier-con- 
trolled heater. Reference temperature 
may be set at any value from 25 deg 
above ambient to 250 deg F.—Pace 
Engineering Co., North Hollywood, 
Calif. 

Circle No. 20 on reply card 


FLOATED GYRO 


One of a new series of high-precision 
subminiature floated integrating gyros, 
this l-in.-in-diam unit is designed for 
missiles and other applications where 
space and weight are at an absolute 
premium. The gyros are fully floated 
to minimize friction and uncertainty 
torque and to improve vibrational 
shock resistance. Power requirement 
is less than 4 watt. Connections are 
made through 11-pin plugs at each end 
of the gyro. Total weight, exclusive of 
connectors, is only 33? oz.—Reeves In- 
strument Corp., New York, N. Y. 
Circle No. 24 on reply card 


MINIATURE PICKUP 


Shown is one of a new line of flange- 
mounted pressure pickups, which com- 
bine high output and small size with 
unusual accuracy. Output varies from 
25 to 100 mv full-scale, depending on 
the pressure range. Minimum output 
is 5 mv per volt of excitation; maxi- 
mum 10 my per volt. The unit has a 
diaphragm diameter of 4 in., a flange 
diameter of  in., an overall length of 
vs in., and a weight of just 7 grams. 
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The R-24 4-pole induction 
motor, with reversible rotation, 
is adaptable to o wide pack 
of applications. Typical on 
in servo mechanisms; os @ ; 

ing motor in recording instru 
a dasa control motor 
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HOLTZER-CABOT MOTOR DIVISION 


‘tt : 
NATIONAL PNEUMATIC CO., INC. 


125 Amory Street, Boston 19, Mass. 


GENTLEMEN: () Please send me data sheets on the 
Holtzer-Cabot R-24 Motors. 


0 Please have representative call on 
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MINIATURE TWO PEN 5”’ 


$1195.00* 


RECORDING 


Transistor 
Amplifiers 
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INCORPORATED 


THE ULTIMATE IN AN ACCURATE, READABLE, MINIATURE 
RECORDING POTENTIOMETER, WITH THESE ADVANCED FEATURES 


5-inch strip chart record. 

Two pens, each traveling the full 5 inches. 
l-second maximum balancing time. 
Table top or panel mounting. 

Panel space 954” W x 8%)” H 

Margin marker pens. 

Paper supply indicator front of recorder. 
Ball bearings in pen drive system. 

New concept in front set limit switches. 


® 0.5% accuracy on both pens. 
Compietely transistorized amplifiers, no 
vacuum tubes. 
MV or TC Calibration 
Minimum Span: 1 MV 
Standardization: Mercury cell. 
Simple sub-assembly type construction for 
easy maintenance. (Entire recorder rolls 
forward out of case.) 


PLUS THESE OPTIONAL FEATURES: 


@ One front set SPDT switch and 3 SPDT 
back set switches each independently ad- 
justable over the entire* range on each 
pen. 


© Transmitting slidewires. 

® Selsyn motor chart drive. 

@ 3 speed quick change chart drive. 

@ Left and/or right margin marking pens. 


WESTRONICS RECORDING POTENTIOMETERS FOR EVERY NEED 


One Pen Miniature 5" Recording Potentiometer 


@ 5” strip chart record. 


@ Continvous Automatic Standardization with elec- 


tron tube amplifiers. 


@ Requires only 954” by 8%” panel space. 


®@ Accuracy better than 0.5%. 
@ One second full scale pen travel. 
® Weighs less than 25 pounds. 


$1495.00* 


CONTROL ENGINEERING 


$490.00* 


Two Pen 11” Recording Potentiometer 
@ 11” strip chart recorder (12” overall 
width). 
® Completely transistorized amplifiers. 
®@ Reduced maintenance. 

© Small size. 

®@ Immediate recording . 
time. 

® Optional synchronous motor or Selsyn 
motor chart drive. 


*BASE PRICE 


. . NO warm-up 


NEW PRODUCTS 


Accuracies to within 0.5 percent full 
scale have been achieved. ‘Tempera 
tures may vary from minus 100 to plus 
300 deg F.—Dynamic Instrument Co., 
Cambridge, Mass. 


Circle No. 22 on reply card 


NEEDS NO HEATER 


This Model 7-31 Accelerometer offers 
temperature controlled damping with- 
out using a heater. ‘Temperature range 
is minus 55 to plus 200 deg F, and 
the calibration shift is less than 1.0 per 
cent. Acceleration ranges are plus or 
minus 0.5 to 150 g’s, with maximum 
resolution of 0.25 percent. A unique 
mass suspension reduces transverse vi- 
bration sensitivity and permits greater 
side loads without damaging or up- 
setting calibration. Case dimensions 
are 1 in. in diam by 2.22 in. long.— 
Edcliff Instruments, Monrovia, Calif. 


Circle No. 23 on reply cerd 


LIGHTWEIGHT MOTOR 


The composite photo above shows a 
new rate gyro, Model RG15-0102-1, as 








Cutaway view of CLARE 
Mercury - Wetted -Con- 
tact Relay, two of which 
are used by AccuRay 


to contro! cigarette 
making process. 
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Drawings (left) 
from high-speed 
photographs show 
the cycle. (a) Fila- 
ment of mercury 
forms between the 
contacts as they 
separate. (b) This 
becomes narrower 
in cross section 
and (c) finally parts 
at two points, al- 
lowing globule of 
mercury to fall out. 
Mercury flows up 
the capillary path, 
replaces amount 
lost, restores the 
equilibrium.(d) The 
momentary bridg- 
ing of the parting 
contacts—and the 
extremely fast 
break that ends it 
—minimizesthearc 
and adds greatly to 
contact load capac- 
ity. Contact clo- 
sure between the 
two liquid surfaces 
bridges mechani- 
cal bounce and 
prevents any chat- 
ter from appearing 
in the electrical 
circuit. 
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CLARE Mercury-Wetted-Contact Relays to 
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Actuated by variations in the electric current set up by a constant 
intensity beam of radiation through a cigarette “rod,” two CLARE 
Mercury-Wetted-Contact Relays help the AccuRay Cigarette-Gauge 
roxelahege)i(-1am Comm o]ae) oloratlelamm cal-mvi-11¢ 1a) Mel meiier-1¢-30(-1-mr- tm dnl-)' mele Me ol-11ale) 
produced. 

In this way AccuRay, a revolutionary precision process control! 
system, uses electronics to provide automatic control of cigarette 
lave me) dal-lamant-(alenr-(oade lalate mm cigelelelealelalme)aelet-t-1-1-1-5 

Engineers of Industrial Nucleonics Corporation, makers of this new 
process control, picked CLARE Relays to perform these important 
functions because only these relays gave the long life and low 
maintenance required. These machines wrap and cut 20 cigarettes a 
rYcvore} are Mamer-hvar-lalemalle Lal qmel-’mr-bac-lamel-h 

With a service life of billions of operations” it is no wonder this 
gE Wm at-¥-¥m ol -Love] int Me dat Mile) mod ale)(or-MehM@alelaleis-tel-Melm(-1-lellalemel-1-J[elal-le-Mehi 
roredany oleh diare Mamet i¢-ts o]aelet-t-t-tlaleme-lalemerelaldselm-rellileluil-11) ome oe) m@erelunle)(-1(-) 
information write for Bulletins 120 and 122 to C. P. Clare & Company, 
3101 Pratt Blvd., Chicago 45, Illinois. In Canada: 659 Bayview 
rY7-1a10[-¥amm Re) cela} (olm W aamn @t-1 0) (-r-To lel e-1-t-een @1 Me -W ad ol OO 


More than two years ago a life test started on a group of these relays carrying a full contact load 
of 5 amperes at 50 volts d-c with suitable spark suppression. They have been operating continuously 
ever since at 5,184,000 operations a day. They have now passed the 4 billion mark —and the end is 
not yet in sight : 


IC DARIESRE DAYS 


FIRST in the industrial field 





® Industrial Nucleonics Corporation, Columbus, Ohio 








MINIATURE TWO PEN 5°’! | wew prooucrs 


AND RECORDING 
: ON L Yy =s=8 Accuracies to within 0.5 percent full 


scale have been achieved. ‘Tempera 
tures may vary from minus 100 to plus 


Transistor 300 deg F.—Dynamic Instrument Co., 


Amplifiers Cambridge, Mass. 
Circle No. 22 on reply card 


yclubing 


westronics 


$1195.00* INCORPORATED 





THE ULTIMATE IN AN ACCURATE, READABLE, MINIATURE 
RECORDING POTENTIOMETER, WITH THESE ADVANCED FEATURES 


® 5-inch strip chart record. 0.5% accuracy on both pens. 

®@ Two pens, each traveling the full 5 inches. Completely transistorized amplifiers, no 

@ 1-second maximum balancing time. vacuum tubes. 

® Tabie top or panel mounting. MV or TC Calibration 

@ Panel space 954” W x 8%” H Minimum Span: 1 MV 

® Margin marker pens. Standardization: Mercury cell. 

© Paper supply indicator front of recorder. Simple sub-assembly type construction for ° ; 

© Ball bearings in pen drive system. easy moiatonence. (Entire recorder rolls out using a heater. lemperature range 

®@ New concept in front set limit switches. forward out of case.) is minus 55 to plus 200 deg F, and 
the calibration shift is less than 1.0 pet 


PLUS THESE OPTIONAL FEATURES: cent. Acceleration ranges are plus or 


minus 0.5 to 150 g’s, with maximum 

@ One front set SPDT switch and 3 SPDT ©® Transmitting slidewires. resolution of 0.25 percent. A unique 
back set switches each independently ad- ® Selsyn motor chart drive. 

justable over the entire*range on each ® 3 speed quick change chart drive. 


pen. @ Left and/or right margin marking pens. 


NEEDS NO HEATER 


This Model 7-31 Accelerometer offers 
temperature controlled damping with 


mass suspension reduces transverse vi- 
bration sensitivity and permits greater 
side loads without damaging or up- 


WESTRONICS RECORDING POTENTIOMETERS FOR EVERY NEED setting calibration. Case dimensions 
a 


are 1% in. in diam by 2.22 in. long.— 
Edcliff Instruments, Monrovia, Calif. 


One Pen Miniature 5” Recording Potentiometer ii : Circle No. 23 on reply card 


@ 5” strip chart record. 

®@ Continuous Automatic Standardization with elec- 
tron tube amplifiers. 

@ Requires only 95%” by 8%” panel space. 

®@ Accuracy better than 0.5%. 

@ One second full scale pen travel. 


@ Weighs less than 25 pounds. $490 00* 


Two Pen 11” Recording Potentiometer 
@ 11” strip chart recorder (12” overall 
width). 
Completely transistorized amplifiers. 
Reduced maintenance. 
Small size. 
Immediate recording . . . no warm-up 
time. 
Optional synchronous motor or Selsyn 
motor chart drive. 


% 
$1495.00 *BASE PRICE 


LIGHTWEIGHT MOTOR 


The composite photo above shows a 
new rate gyro, Model RG15-0102-1, as 
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Cutaway view of CLARE 
Mercury - Wetted -Con- 
tact Relay, two of which 
are used by AccuRay 
to control cigarette 
making process. 


Drawings (left) 
from high-speed 
photographs show 
the cycle. (a) Fila- 
ment of mercury 
forms between the 
contacts as they 
separate. (b) This 
becomes narrower 
in cross section 
and (c) finally parts 
at two points, al- 
lowing globule of 
mercury to fall out. 
Mercury flows up 
the capillary path, 
replaces amount 
lost, restores the 
equilibrium.(d) The 
momentary bridg- 
ing of the parting 
contacts—and the 
extremely fast 
break that ends it 
—minimizesthearc 
and adds greatly to 
contact load capac- 
ity. Contact clo- 
sure between the 


two liquid surfaces 
bridges mechani- 
cal bounce and 
prevents any chat- 
ter from appearing 
in the electrical 
circuit. 
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Actuated by variations in the electric current set up by a constant 
intensity beam of radiation through a cigarette “rod,” two CLARE 
Mercury-Wetted-Contact Relays help the AccuRay Cigarette-Gauge 
controller to proportion the weight of cigarettes as they are being 
produced, 

In this way AccuRay, a revolutionary precision process contro! 
SVE) 1m OE-1-3-Me 1-100 ge] al os-Wm CoM ol ged ale(-m-le}Coliit-ldlometelal (ce) me) meller-le-)a0- 
Valo Me) dal-Tamant-taleit-(ondU lalate mm olaeleilon lela mm olaele-t-t1-1-e 

tale] iat-1-16-Med mm ale les) egT-1Mm) IU Led (-Lelal (ota @kelaclele-lilelaMmuil-l(-1e-Me) Mm cnll-mal-ln 
process control, picked CLARE Relays to perform these important 
functions because only these relays gave the long life and low 
maintenance required. These machines wrap and cut 20 cigarettes a 
Y-vorel ale Mumer- WVar- late Malle) alqmel-War-tac-lamel-0\m 

With a service life of billions of operations”® it is no wonder this 
relay has become the first choice of hundreds of leading designers of 
roredanl oleh ciate pamer-te- bs olgeler-t-t-Jialem-lalemetolal ge] m-rel0lle]isl-Ja) om me) morel ante) (=): 
information write for Bulletins 120 and 122 to C, P. Clare & Company, 
3101 Pratt Blvd., Chicago 45, Illinois. In Canada: 659 Bayview 
Avenue, Toronto 17. Cable address: CLARELAY. 


More than two years ago a life test started on a group of these relays carrying a full contact load 
of 5 amperes at 50 volts d-c with suitable spark suppression. They have been operating continuously 
ever since at 5,184,000 operations a day. They have now passed the 4 billion mark —and the end is 
not yet in sight 
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FIRST in the industrial field 





® Industrial Nucleonics Corporation, Columbus, Ohio 








SILICON 
DIODES 


FEATURES 


Recovery times under .15 sec 
High voltage ratings 


‘Tran 4 


High Inverse Resistance SILICON Power 


Subminiature size 


MILITARY AND HIGH CONDUCTANCE TYPES FEATURES 











































































® Reliability at High Temperatur 
RATINGS AT 150°C AMBIENT ~ y g ° P sae - 
Maximum —— ® High Power Handling Ability 
nverse Average Maximum i i 
Gowetiag —— ——— \ ” High Efficiency 
oltage urrent urrent 8 i 
Type (volts) (ma) (ua) @V \ Rugged Construction 
TN457* 60 25 ~“S@ 60 \ © Hermetically Sealed 
IN458* 125 25 5 @ 125 \ 
IN459* 175 25 5@ 175 \ 
+ a ~ som \ MINIATURE TYPES 
vi a = id 25 @ 300 RATINGS AT 150°C AMBIENT 
*JAN Types 
Peak Maximum 
HIGH FREQUENCY AND FAST SWITCHING TYPES — fa hee 
Inverse Forward Inverse 
Voltage Current Current 
RATINGS AT 25°C Type (volts) (ma) (ma) 
—— Maximum ' TJIOA 100 200 5 
nverse Average nverse TJ25A 250 200 5 
Operating Forward Recovery ; 
Voltage Current Time TJ40A 400 200 5 
Type (voits) (ma) (usec) 
IN251* 30 75 15 
1N252 20 100 15 SILICON RECTIFIER STACKS 
$6213 200 30 3 
$6223 200 55 5 \ RATINGS AT 125°C AMBIENT 
$6228 200 80 1 era 
*JAN Types utpu 
Write for Bulletin TE1350 Voltage Current Stack 
Circuit (volts) (amps) Designation 
6 o Star 150 30 TL6SIAI/TR352 
GERMANIUM ie 2 2 WNae 
3  Halfwave 1120 1.2 TDI2Y6BIA4 
| @ Bridge 748 1.2 TDI2B4C1A3 
D { O D Ee 1@CenterTap 250 3.0 TDI2CAC3A2 


FEATURES 


























© Complete Reliability 
® Superior Forward Conductance 
® Higher Inverse Resistance 
oO SILICON VOLTAGE 
® Greater Ruggedness 
SPECIFICATIONS AND RATINGS AT 25°C REGUI A i ORS =| d 
Inverse n 
Forward Current at 
Current Specified Max. Oper. RE ool = FS - Al C om Ss 
T Hi z ‘Y (ev) on) Description 
e ma a ' 1 
— - FEATURES 

1N270 200 100@ —50 80 
IN277—1C0 = —— ® Excellent long-term stability 
IN27% 40 100@—50 70 ® High current handling ability 
— i > 4 te - JAN TYPES bd Operatior) to 150°C 
INI26 5 yee 4 a 4 60 © Extended operating current range 
INI27 5 300@—50 100 ® Small size, easy mounting 
INISe 5 4 4 4 50 ® Hermetically sealed 

75 @ —10 @ 75°C Reference assemblies are available with temperature coefficients to 
iN283 200. ~«20@ —10 0 002%. They are also available with voltage tolerances to 1% from 
TMS 40 100@ —50 60 COMPUTER 10 to over 100 volts. The assemblies are encapsulated in a miniature 

20 @ —10 TYPES axial lead package. 








Hi- 
IN278 §6=-20s«sI2S@—S0@w"C —_ 50 
26 4 2W@-lW@7s5°C 15 a 











196 100 20@ —50 60 
23> — RESISTANCE 

INA 60 55s S0@ —50 80 —_ 
5@—5 








Write for Bulletin TE1300 & TE1319 


RL . . . I9 
T Other JAN types: IN3BA, IN6?, IN7O, INBI, INIZ8 Leadership in semiconductors 
® 











it rON - siicon 


TRANSISTORS 


HIGH FREQUENCY TYPES 





























FEATURES 
RECTIFIER ——aee 
Ss ® Operation to 175°C 
oo ® Power Ratings of 200 mw 
RATINGS AT 150°C CASE TEMPERATURE 
hints Gps erie te ® High Frequency Operation 
i... Maximum :' © Welded Hermetic Seal 
ecurrent Average Maximum 
Inverse Forward Inverse 
Voltage Current Current 
it 
Type — - a... ee. = Minimum Maximum Maximum 
yay Collector Yyotee Cotioctes 
mitter Voltage ut-o ut-o 
MILITARY TYPES Current Vee Peak Frequency Current 
ae eee re Le Gain (volts) (mc) @ 23°C @Ve 
1N253 95 1000 r Type a Max. (ua) 
inzs4 hd pod - STI2 40 15 16 5 
IN255 380 400 $732 “0 30 16 5 
rh a $T3! 20 30 13 5 
STIO 10 15 9 5 
STUD MOUNTED TYPES $T30 10 30 9 5 
TM47 400 3000. Write for Bulletin TE1353 
TM64 600 1000 
MEDIUM POWER TYPES 
(amps) 
IN250A 200 20 
TR30! 300 10 
= 3 GERMANIUM 








HIGH POWER TYPES 


Power 











(amps) 
IN412A 100 35 
od TRANSISTOR 





Write for Bulletin TE1342 & TE1351 


FEATURES 
































® Operation to 85°C 
® Linearity at High Currents 
® Up to 10 watts Dissipation 
come © Low Thermal Resistance 
Voltage Range Resistance @ 25°C @ 125°C 
j Type (volts) (ohms) (ma) (ma) © Small Size 
eS ie ® Hermetically Sealed 
Subminiature 
SV-5 4.3-5.4 55 50 10 
SV-7 6.2- 8 8 30 6 
SV-11 9.0-12.0 50 20 4 SPECIFICATIONS AND RATINGS AT 25°C 
SV-15 13.5-18 120 14 3 
SV-24 20 -27 300 10 2 Minimum 
eS detlictttaaiele DC Common Maximum 
nae Emitter Collector Maximum Maximum 
Miniature Current Voltage Collector Power 
SV-804 4.3- 5.4 55 150 30 Gain Vee Peak Current Dissipation 
SV-806 6.2- 8 8 90 18 TYPE (B @ Ic) (volts) (amps) (watts) 
V- 9 -l 5 
= “ : = . 2N83A 8@ 1.0A 60 3 10 
SV-815 13.5-18 120 40 8 
SV.824 20 -27 300 27 5 2Ne3 8@ 5A 60 2 10 
J iF 55°C 2N84A 12@ 1.0A 4 3 10 
; aan 0. a ee 2N84 I2@ 5A 45 2 10 
SV-904 4.3- 5.4 Ss 2.0 500 Write for Bulletin TE1320 
SV-906 6.2- 8 & 1.2 300 
SV-910 9 -12 15 8 200 
SV-915 13.5-18.0 3 6 150 
SV-924 20 -27 8 4 100 


Write for Bulletin TE-1352 
*Case temperature ratings 


‘Tra ngitron 


electronic corporation T. 
wakefield, massachusetts CRystal 9-4500 

















Only 156” in diameter... 34” thick, this is an exceptionally small gage pressure poten- 
tiometer. Its miniature size and compact configuration permits use in ground and airborne 


installations —in control telemetering or remote recording circuits—wherever space is | 


at a premium. 


Time proved performance. This is a fully integrated instrument built for high reliability | 
under extreme environmental conditions. The dependable Bourns Bourdon tube assembly | 


and linkage system provide exceptional shock, vibration and acceleration characteristics 


... linearity and hysteresis are excellent. Units are designed to meet or exceed most | 


government specifications for airborne equipment. 


The Bourns Model 304 weighs about 2 ounces. It operates with a high-level AC or DC | 
signal. Pressure ranges: from 0-100 to 0-5000 psi. Three Bourdon tube materials are | 


available : 

Beryllium copper—the standard construction—for non-corrosive fluids. Measures air, 
Freon, oil, and other common media. 

Stainless steel—permits corrosive fluids such as fuming nitric acid to be applied within 
the tube. 

Ni-Span-C — provides low temperature error for versatility of application. 

Complete data in Bulletin No. 304. 


ABSOLUTE AND DIFFERENTIAL PRESSURE 





In addition to the Model 304, Bourns manufactures a complete line of high pressure trans- | 
ducers in absolute and differential ranges, for use with corrosive or non-corrosive fluids. 


Request Bulletin No. 70456. 


MODEL 704 differentia! 
pressure type with Stainless 
steel Bourdon tube 


MODEL 706—<ifferential 
pressure type with Beryllium 
copper Bourdon tube 


MODEL 705-absolute 
pressure type for use with 
clean, non-corrosive media 


COPR. BL 
6) Pourns LABORATORIES 


General Offices: 6135 Magnolia Avenue Riverside, California 
Plants: Riverside, California—Ames, lowa 


VISIT OUR BOOTH #319 ISA SHOW 
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| | NEW PRODUCTS 


it would appear inside its helium-filled, 
hermetically-sealed case. The unit is 
built with an extremely light but very 
efficient motor, and comes with either 
AN connectors or the new pigmy 
type. It also features a choice of in- 
ductive or potentiometer pickoffs. 
Humphrey, Inc., San Diego, Calif. 


Circle No. 24 on reply card 


ACCELEROMETERS 
A new line of accelerometers, designed 
for a wide range of constant or uni- 
formly varying accelerations, is now 
in production. Variations of confor- 
mation, g-ranges, natural frequency, 
and damping will be developed to 
meet special requirements. Standard 
natural frequency varies from 5 to 
30 cps for acceleration measurements 
of from 0-1 to 0-30 g’s. ‘The Viscous- 
damped units have an overall ac- 
curacy, including linearity, hysteresis, 
and repeatability, of within 1.5 per- 
cent.—Fairchild Controls Corp., 
Hicksville, N. Y. 

Circle No. 25 on reply card 


HAS DIGITAL READOUT 


Model 9000 electronic weighing unit, 
designed for strain gage load cells of 
any bridge resistance, weighs just 22 
lb and measures 16 by 8 by 94 in. 
Manual balance with digital readout 
of four significant figures simplifies 
direct weighing. In control applica- 
tions, relay closure occurs within 15 
millisec after the applied load reaches 
the dial setting. When used with 
strain gage pressure transducers, the 
weigher becomes a rapid and highly 
accurate pressure switch. Ranges of 
from 1 to 10 millivolts per volt, full- 
scale, are common; resolution is about 
0.4 microvolt per volt.—Hoover Elec- 
tronics Co., Albuquerque, N. M. 


Circle No. 26 on reply card 





Dt Ww: Yd Eactiiionaty , 
AMP’s SHIELDED PATCHCORD PROGRAMMING SYSTEM is especially designed for programming on 


Analog Computers, Telemetering, Test Equipment, and all types of sensitive low level circuits. 


ge Orn, _ 


NEW 

DESIGN 
FEATURES 
INCLUDE: 


@ Fully insulated as 
well as shielded 
removable frontboard 
and fixed rearboard; 


ASTIN 


@ “Post Patching”, without 
shorting as required in Analog 
Computers and Telemetering; 





@ Custom Color-Coded circuit legend provided 
by a cellular type construction that permits 
individual hole identification; 





@ Elimination of signal leakage between circuits; 


@ Shielded Patchcords, with shield terminated 
by a contact ferrule, which connects to ground 
when Patchcord tip is inserted. 


| Complete information is available 
The illustration shows how Berkeley Division a on this New Shielded Patchcord 
of Beckman Instruments, Inc., is using AMP's ‘ 
new Patchcord System in its new EASE* 
1200 Analog Computer. 





Programming System on request. 


*Trade Mark, Berkeley Division of 
Beckman Instruments, Inc. 





Wholly Owned Subsidiaries: 


A M P | N Cc oO R Pp oO is A T E D Aircraft-Marine Products of Canada Ltd., Toronto, Canada 


Aircraft-Marine Products (G.B.) Ltd., London, England 


: Societe AMP de France, Le Pre St. Gervais, Seine, France 
3208 Eisenhower Boulevard AMP—Holland N.V. 's-Hertogenbosch, Holland 


H * Japanese Distributor: 
Harrisburg, Pennsylvania Oriental Terminal Products Co., Ltd., Tokyo, Japan 
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Scotcn 
Magnetic Tape 


wee 


ee 


109— INTERNATIONAL STANDARD —For 
moderate speeds, tensions, pressures. 1.5 mil 
cellulose acetate backing. Uniformly accurate 
because of carefully milled resinous components, 
rigidly controlled oxide manufacturing process. 
.55 mil coating of standard output oxide. 


Scorcn 


Magnetic Tape 


| 
I 


159—EXTRA PLAY—50% more recording time 
on the reel! Made with 1 mil polyester backing, 
.35 mil coating of high potency oxide. Offers 
improved high frequency response, improved 
short wave length output, and better head con- 
formity eliminates signal loss. 


232 CONTROL 
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Scorcn 
Magnetic Tape 


Meee) sees eres pee pen epee 


a ee 


108—GENERAL PURPOSE—Uses the same 
reddish-brown oxide as offered in No. 109 In- 
strumentation Tape. Because of its dimensional 
stability, this tape is recommended for multi- 
track applications. “‘Weather-balanced", it's 
ideal in extremes of temperature and humidity. 


ScoTcu 
Magnetic Tape 
‘ Long Wear 
Pee westTivmrntarion vse 
: Fe ie) 
a Pa r) 


148—LONG WEAR—Rugged newcomer! This 
premium tape gives you 3.5 db greater output at 
short wave lengths, yet withstands heat-wear in 
temperatures up to 200°F. and eliminates head 
build-up. Has 1.5 mil polyester backing, .35 mil 
coating of “High Output” long wear oxide. 


Scorch 


Magnetic Tape 
Long Wear 


FOR (NSTEUMENTATION Use 


. Foo 


128 — HIGH OUTPUT — 100% more output 
(+6db) at 15 mil wave length. This tape is specif- 
ically designed for uses where high output at 
long wave length is required. 1.5 mil polyester 
base achieves high dimensional stability. .65 
mil coating of “High Output” oxide. 


Scorcn 


Magnetic Tape 


149—LONG WEAR, EXTRA PLAY—Matches 
148 for heat-wear resistance and magnetic prop- 
erties but records 50% longer because of its 
thinner 1 mil polyester backing. Selection for use 
of this tape should be based on strength versus 
playing time as the determining factor. 





Choose from a complete line of 
“Scotch” Brand Instrumentation Tapes 
for industry and defense 


Whatever your recording requirements, ‘SCOTCH” 
Brand has the right magnetic tape for you. Here's 
the world’s fullest line of tapes for exacting instru- 
mentation use — and the most reliable. Every 
“SCOTCH” Brand Instrumentation Tape meets 
critical dropout specifications. In pulse recording 
these tapes average less than 1 error per roll.* In 
direct recording, these tapes conform to proposed 
Navy specifications defining dropouts as variations 


of 22% or more in signal magnitude, lasting 300 or 
more microseconds,** All tapes shown are avail- 
able in standard widths of 4%”, 4%", %”, %” and 1”. 


FREE BOOKLET gives you specific engineering 
data on dropouts plus complete physical and mag- 
netic specifications of these famous “SCOTCH” 
Brand products. Write: Minnesota Mining and Mfg. 
Co., Dept. PJ-97, St. Paul 6, Minnesota. 


*Measured by recording 200 non-return pulses per inch on a 0.035” track. A reduction to less than 50% normal signal amplitude constitutes a signal error. 
Zero errors are measured by saturating the tape undirectionally. Each spurious signal greater than 10% of normal signal amplitude constitutes a zero error. 
Errors per roll based on recording 7 tracks on rolis 4” x 2500’. 

**Based on a 8750 cps signal played at 7.5 ips. 


SCOTCH 


Magnetic Tapes 


WHICH MAGNETIC TAPES ARE BEST FOR YOUR INSTRUMENTATION NEEDS? 





Tape Number High High 


and Stability Strength Temperature Speed 
Description Performance Performance 


Short Wave 
Length Recording 
Output Time 


Long Wave 
Length 
Output 





108 
General Purpose 





109 
General Purpose 





128 
High Output 





148 
Long Wear 





149 


long Wear Extra Play Extended 





159 


Extra Play Best Extended 











All quantities expressed are relative to No. 109 


The term “SCOTCH” and the plaid design are registered trademarks for Magnetic Tape made in U.S.A. by MINNESOTA MINING AND MFG. CO., St. Paul 
6, Minn. Export Sales Office: 99 Park Avenue, New York 16, New York. © 3M Co., 1957 
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Ace can meet your 


requirements in quality 
and delivery 


NONLINEA 


of 


POTENTIOMETERS 


Nonlinear precision wire-wound po- 
tentiometers in standard and sub- 
miniature sizes are now available in 
prototype or production quantities 
from Ace Electronics Associates . . 
and you can be sure of delivery. 


These new Ace nonlinear units in- 
corporate the same advanced engi- 
neering, precision craftsmanship, and 
camanen quality which have made 
ACEPOT linear potentiometers stand- 
ards of excellence. 


A new Division directed by highly 
qualified engineers, — prototype 
section, and mass production facilities 
are at your service to meet your re- 
quirements for quality and delivery of 
nonlinear precision potentiometers. 


For complete information . . . 


Call or write William Lyon or 
Abraham Osborn, Nonlinear Divi- 
sion, outlining your requirements. 
Your inquiry will receive prompt 
attention ... and you will get 
delivery as specified. 


* trademarks applied for 


T* 


Featuring! 


Highly developed design tech- 
niques achieve high resolution 
and close conformity for your 
unique nonlinear require- 
ments. 





NEW PRODUCTS 


INTERVAL METER 

The CMC Model 251-A Time Inte 
val Meter is designed for the precise 
measurement of elapsed time between 
two events occurring in the range ot 
3 microsec to | sec. Optional features 
permit extension of this range to 10 
or 109,000 sec. Accuracy is within 
plus or minus | microsec. ‘l'ypical 
applications include ballistics measurc 
ments, relay timing, testing of me 
hanical and electromechanical tim 
ing devices, etc. ‘Iwo independent, 
continuously adjustable trigger level 
controls permit full rated sensitivity 

0.2 volt rms—at any level between 
minus 300 and plus 300 volts—Com 
puter-Measurements Corp., North 
Hollywood, Calif. 


Circle No. 27 on reply card 


INFORMATION 
DISPLAY 
INSTRUMENTS 


TWO-PEN MINIATURE 

The two pens in this new recording 
potentiometer write margin to margin 
on a single 5-in. strip chart, produc 
ing two continuous records in a 
smaller space than is required by two 
3-in. recorders. Amplifiers, are com- 
pletely transistorized. The recorders 
are available with one front-set limit 
switch and three back-set switches on 


| each pen. Accuracy is to within 0.5 


| percent on each pen and sensitivity is 
| within 0.14 percent of scale span. 


noettiine ACE ELECTRONICS ASSOCIATES, INC. 


Dept. C, 101 Dover St. 
Telephone: SOmerset 6-5130 ° 
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Somerville 44, Massachusetts | 


Engineering Representatives in Principal Cities 


Optional features: transmitting slide 
wires, quick change or manual change 
gears for three-speed chart drive, auto- 
matic reference junction compensa- 
tion, table or panel mounting, and 
margin-marker pens. 

Inc., Fort Worth, Tex. 


Circle No. 28 on reply card 


Westronics, 





Now! A Low-Priced Completely Static 
Voltage Regulator 


How the Vickers Static 
Voltage Regulator Works 


2 > se eaaacamaans eeeeceeaaenece 
4 


208 to 
240 Volts 
‘60 Cycles 
PRIME MOVER 


EGULATOR 


A detector 

reactor senses 

lev el of 

alternator output 

voltage and supplies a control signal to the 
magnetic amplifier stage. The amplifier in 
turn maintains alternator output voltage con- 
stant by supplying controlled excitation to 
the exciter. A regulator control knob permits 
adjustment of alternator voltage. 


® Trade Mark 





ICKERS. 


For Fast, Accurate 
Voltage Regulation of 
60-Cycle Alternators 


This new unit is ideal for applications where 
a simple and inexpensive but rugged voltage 
regulator is desired. The Vickers regulator is 
a single-stage magnetic amplifier unit utiliz- 
ing selenium rectifiers and wire wound re- 
sistors. It is completely static, with no moving 
parts, and is thus not affected by vibration. 
Other features: 


@ Works into 20 to 100 ohm exciter field 
resistance without adjustment. 


@ Supplies exciter field current within a 
range of 0.15 to 1.35 amperes, 
Connects directly to 208 to 240 alter- 
nator without need of a potential trans- 
former. Operates with alternators having 
any output voltage when used with a 500 
VA potential transformer. 


Adjustable line drop or reactive current 
compensation provides zero droop at a 
given load when a Vickers accessory cur- 
rent transformer is used. 

Extremely simple to install, with only 6 
terminal connections. 


Write Today for Complete information, Including New 


Brochure, on the Vickers Static Voltage Regulator. 


VICKERS ELECTRIC DIVISION 


VICKERS INCORPORATED a unit of Sperry Rand Corporation 


1805 Locust St. 


Saint Lovis 3, Missouri 


LEADERS IN ELECTRICAL CONTROL EQUIPMENT 
Magnetic Amplifier Components and Control Syst 
ae Rectifiers ¢ Magnetic Particle Brakes and Ciutches 
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ELGIN 


announces the 


NEW ADVA 


ie 


NCE 


GH 


SERIES 


<¢ 


... open or plastic enclosed 


Elgin’s new GH series combines the high efficiency required of gen- 
eral purpose relays with low cost. Their midget size suits them for 
installations where space is a problem (see specifications below). 
Open relays in 5 and 10 ampere ratings and clear plastic dust-tight 
enclosed 5 ampere relays are immediately available from stock. 
Specify dependable ELGIN performance... specify GH from your 


electronic parts distributor! 


SPECIFICATIONS 











NOMINAL POWER REQ.—DC relays, 1 
to 2 watts; AC relays, 2 to 3 volt amperes. 
NOMINAL VOLTAGE—DC relays, 6 to 
120 volts; AC relays, 6 to 220 volts. (On 
specification, DC voltage coil up to 220 
volts or AC voltage coil up to 440 volts 
can be supplied.) 

RESISTANCE — DC relays, 25 to 8,000 
ohms; AC relays, 4 to 5,000 ohms. 
PULL-IN CURRENT VALUES-—7.2 Milli- 
amps max, at 2,500 ohms; 5.0 milliamps 
max. at 5,000 ohms. 

DUTY CYCLE—continuous. 
TEMPERATURE RANGE— —55° to 
+85 C when specified. 

INSULATION RESISTANCE — 100 meg- 
ohms min. 

DIELECTRIC STRENGTH — standard: 500 
volts RMS. (When specified, 1,000 volts 
RMS can be met.) 

MAXIMUM WEIGHT—2 ounces. 


GHA SERIES, 5 amp. open relay 


Contact rating, 5 amps. resistive, 2 amps. 
inductive at 115 volts AC or 26.5 volts DC. 
Contact material is fine silver, 1C,2C,3C 
arrangements only. Relay is 1.1” high, 
1.732” long and .937” wide. Contact ter- 
minals can be used as solder lugs or for 
printed circuitry. 


(Also available: GHB series, 10 amp. open 
relay.) 


GHP SERIES, 5 amp. clear plastic en- 
closed relay. 


Dust-tight plug-in. Contact rating, 5 amps. 


resistive, 2 amps. inductive at 115 volts 
AC or 26.5 volts DC. Contact material is 
fine silver, available in 1C or 2C arrange- 


ments only. Enclosure is 2'% x 1134, 
overall. 2" overall length above chassis. 








ELECTRONICS DIVISION 


ELGIN NATIONAL WATCH COMPANY 
2435 N. Naomi Street, Burbank, California 
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NEW PRODUCTS 


UNIQUE GEAR TRAIN 


Pictured is a new elapsed time indi- 
cator for keeping an accurate record 
of actual “on” time in airborne o1 
ground equipment. ‘Typical applica- 
tions include radar sets, computers, 
and navigational systems. Principle de- 
sign features include a new type of 
low-speed synchronous motor and a 
unique gear train arrangement that 
provides a 14,400-to-1 ratio using only 
four gears. The indicator measures 
1} in. sq by 24 in. long and weighs 
only 4 oz. Time range is 9,999.9 
hours indicated on 5 counter wheels. 
Entire unit is hermetically sealed.— 
Magnetic Instruments Mfg Corp., 
Thornwood, N. Y. 


Circle No. 29 on reply card 


ADDS—SUBTRACTS 

The Neuron, a new type of elecro- 
mechanical counter, features a life of 
300 million counts, count rates to 60 
per sec, electric or manual reset, and 
excellent response to a variety of pulse 
shapes. The unit adds, subtracts, and 
totalizes. If add and subtract pulses 
are received simultaneously, a zero 
count results. No specific sequence 
of pulses is required and an incom- 
plete pulse will not cause the counter 
to jam. Best results are obtained with 
a pulse on/off ratio of 1.0. While 
a square-wave pattern 1s desirable, 
other pulse shapes can be handled 
if their leading edges are reasonably 





_ Three voltage ranges: 
0-200, 125-325, 325-525 VDC 


1.5 AMPERE MODELS NEED ONLY 8%’ OF PANEL HEIGHT! 


(metered) 

MODEL C-1580M; 0-200 VDC, 0-1500 MA...580.00 
MODEL C-1581M: 125-325 VDC, 0-1500 MA....605.00 
MODEL C-1582M: 325-525 VDC, 0-1500 MA....686.00 





(unmetered) 

MODEL C-1580: 0-200 VDC, 0-1500 MA....550.00 
MODEL C-1581: 125-325 VDC, 0-1500 MA... 575.00 
MODEL C-1582: 325-525 VDC, 0-1500 MA.....650.00 





800 MA MODELS NEED ONLY 7” OF PANEL HEIGHT! 


(metered) (unmetered) 

MODEL C-880M: 0-200 VDC, 0-800 MA..370.00 MODEL C€-880: 0-200 VDC, 0-800 MA... 
MODEL C-O8IM: 125-325 VDC, 0-800 MA...345.00 MODEL C€-81: 125-325 VDC, 0-800 MA........ 
MODEL C-882M: 325-525 VDC, 0-800 MA...390.00 MODEL C-882: 325-525 VDC, 0-800 MA... 








400 MA MODELS NEED ONLY 5%" OF PANEL HEIGHT! 


(metered) 

MODEL C-480M: 0-200 VDC, 0-400 MA 
MODEL C-481M: 125-325 VDC, 0-400 MA 
MODEL C-482M: 325-525 VDC, 0-400 MA 





(unmetered) 

MODEL C-480: 0-200 VDC, 0-400 MA 
MODEL C-481: 125-325 VDC, 0-400 MA 
MODEL C-482: 325-525 VDC, 0-400 MA 


289.50 
274.50 
289.50 


259.50 
244.50 
259.50 





200 MA MODELS NEED ONLY 5%"’ OF PANEL HEIGHT! 
(unmetered) 
MODEL C-280: 0-200 VDC, 0-200 MA 


MODEL C-281: 125-325 VDC, 0-200 MA 
MODEL C-282: 325-525 VDC, 0-200 MA 





(metered) 

MODEL C-280M: 
MODEL C-281M: 
MODEL C-282M: 


0-200 VDC, 0-200 MA 
125-325 VDC, 0-200 MA 
325-525 VDC, 0-200 MA 


214.50 
189.50 
199.50 


184.50 
159.50 
169.50 


LAMBDA 


Electronics Corp. 


11-11 131 STREET, COLLEGE POINT 56, NEW YORK 
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For all power supply needs 
through 1.5 amperes: 


LAMBDA 


OM-PAK 


POWER SUPPLIES 


Less space! Improved performance! 
Long, trouble-free service! 


Transient free output! 


Fills the need for compact, regulated DC power sup- 
plies. Economy of panel space, functional simplicity, 
new quick-service features. 

Wiring, tubes and other components readily acces- 
sible. You can reach them easily, service them fast. 

400 MA, 800 MA, and 1.5 ampere models include 
new, high-efficiency, long-life, hermetically-sealed 
semi-conductor rectifiers. All Com-Pak models are 
constructed with hermetically-sealed transformers, 
chokes and capacitors. 


Condensed Data 


LINE REGULATION Better than 0.15% or 0.3 
Volt, whichever is greater. 
.Better than 0.25% or 0.5 
Volt, whichever is greater. 


LOAD REGULATION 


INTERNAL IMPEDANCE 


C- 200 Series 

C- 400 Series _ 
C- 800 Series ... 
C-1500 Series ... 


RIPPLE AND NOISE 
POLARITY 


Less than 6 ohms. 
Less than 3 ohms. 
.Less than 1.5 ohms. 

. -Less than 0.75 ohms. 


Less than 3 millivolts rms. 
Either positive or negative 
may be grounded. 

. Continuous duty at full load 
up to 50°C (122°F) ambient. 


AMBIENT TEMPERATURE. 


AC OUTPUT 
(unregulated) . 
C- 200 Series 
C- 400 Series ... 
C- 800 Series . 
C-1500 Series 


AC INPUT 


6.5 VAC (at 115 VAC Input). 


10 AMP 
.15 AMP 
..20 AMP 
..- 30 AMP 


. 105-125 VAC, 50-400 CPS 


OVERLOAD PROTECTION. ..AC and DC fuses; built-in 


blown-fuse indicators. 


Send for complete COM-PAK data 


LAMBDA Electronics Corporation 
11-11 131st Street, College Point 56, New York 


By return mail, send complete specifications 

on Lambda Com-Pak Power Supplies. 
Name 
Company 
Address 
City. 











Zone State 








NEW PRODUCTS 


MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 
New Hampshire Ball Bearings, Inc. 


steep. Prices, depending on the acces- 

| sories required range from $143 to 
| $293.—Autron Engineering, Los An- 
gcles, Calif. 


Circle No. 30 on reply card 
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BEARING FITS AND 
FITTING PRACTICES 


As shown in Fig. 1, the fitting of 
Micro-Bearings, like the fitting of 
larger ball bearings, chiefly involves 
the clearances between the inside di- 
ameter of the housing and the outside 
diameter of the bearing; the bore of 
the bearing and the shaft diameter. 


(i Diameter 


Pcs oo 








FIG.1 Bearing ID 





Zi 


The achievement of the desired fit 
by dimensioning is illustrated in Fig. 
2. The bearing ID is represented by 
the top blocks and the shaft OD is 
represented by the lower blocks. Such 
a block diagram could also be applied 
to housings and bearing outside di- 
ameters. In this block diagram, it will 
be noted, the bearing ID is represent- 
ed by a "00015 tolerance with a simi- 
lar tolerance for the shaft. A resulting 
fit of line to line to .0003 loose is 
shown. 


-12495 .12490 .12485 


| 3 Shaft OD 
——— eee . —] 


— © .12485 12480: .12475 .12470 
FIG.2 

An interference fit not tighter than 
line to line is suggested for the fol- 
lowing reasons: 

1. Difficulty in assembly. 

2. Difficulty in disassembly. This 
is often more hazardous than 
the assembly operation and 
may result in total bearing 
destruction. 

Reduction in radial play. 
Danger of bearing ring con- 
forming to possible poor ge- 
ometry of mating shaft or 
housing. 


TOLERANCE DISTRIBUTION 
The maximum .0003 loose condition 
shown in Fig. 2 may be excessive in 
some applications. The fitting problem 
then resolves itself to reducing this 
extreme, and yet maintain the maxi- 
mum tight fit of line to line. The 
looseness may be reduced by redimen- 
sioning the shaft to .12490/.12475 as 
shown in the block diagram, Fig. 3. 
12495 12490 12485 


Shaft OD 
[ it } | 
| Lf Nf | J 
Bearing 1D 


-12490 = .12485 .12480 .12475 

















FIG.3 
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If the frequency distributions of shaft | 


and bearing ID sizes were statistically 
normal, the modal fit of all parts 
would be 0.0001 loose. Accordingly, an 
insignificant percentage of parts 
would be mated to the extreme values, 
and for practical purposes could be 
ignored. 

With regard to bearings’ 
diameters and bores, however, 
mality of the distribution curve can- 
not be assumed. During the grinding 
operation, the “most metal tendency” 


tends to skew the frequency distribu- | 


tions for bearing ID’s and OD’s in 
the direction of most metal. 

In grinding and finishing shafts 
and housings, similarly skewed dis- 
tributions occur. 

Operating on a modified probability 
distribution of tolerance is possible if 
the volume of parts is sizeable. But 
the approximate distribution of shaft 
and housing sizes must be verified if 
this method is to be used. 


MATERIALS and SURFACE FINISHES 
The ease of assembly is also affected 
by materials and finishes. The follow- 
ing factors must be considered: 

1. The galling characteristics, 
hardness and ductility of the 
materials involved. 

Finish lay patterns produced 

by various tools and_tech- 

niques used. 

RM §S surface finish 

achieved. 

Geometry of shafts and hous- 

ings as regards out-of-round- 

ness, taper, etc. 
The possible combinations of these 
elements in any single application are 
so numerous that their gross effect 
can only be ascertained by trial and 
error, or by a detailed study of 
operations on individual applications. 
A more complete discussion of fitting 
practices, including sizing methods 
and coding, is found in our design 
handbook. 


DESIGNERS HANDBOOK 
FREE TO ENGINEERS 


If you work with miniature bearings, 
you'll find this new, 70 page authori- 
tative publication a ‘great help in solv- 
ing problems in de- 
signing instruments 
or small electro-me- 
chanical assemblies. 
It will be sent 
free to engineers, 
draftsmen and pur- 
chasing agents. 
Write to: 


values 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 
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HOLE DETECTOR 


The Model KP-1 Pinhole Detector in- 
stantly spots and counts pinholes, 
however minute, in thin, electrically 
nonconductive films. As the film is 
drawn over an electrode, a high voltage 
(500 to 20,000 volts) sends a short- 


| duration (less than 5 microsec) spark 


through any pinhole. The film is not 
damaged in any way; the spark merely 
registers on a built-in counter. An 
automatic disconnect cuts off the high 
voltage if a stoppage occurs in the film 
travel. The detector may also be used 
to actuate a remote audible signal.— 
Tinker & Rasor, San Gabriel, Calit. 
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AIRBORNE OSCILLOGRAPH 


The new Type 5-122 recording oscillo- 
graph was developed specifically for 
flight-test recording at high temper- 
atures. The explosion-proof unit will 
operate in ambient temperatures of 
from minus 65 to plus 250 deg F, at 
altitudes up to 120,000 ft. Its crash- 
resistant magazine has a safety shutter 
that automatically closes when the 





Transistorization of computers now a reality’ 


NEW...RCA 222M2 FERRITE MEMORY CORE 


FASTER turnover time... HIGHER output signal... LOWER drive requirements 





Faster turnover... higher output... all of this with 
an .080’’ O.D. core which operates with driving currents BSS eee: «> 8 Carney 


mental memory device utilizing a 
in the range of 300-500 milliamperes! ferrite core with two apertures and 

exhibiting a nearly rectangular hyster- 
—_ ° . . . . esis loop. It can control the transmis- 
The RCA 222M2 is comparable to high drive cores in sion of ac power according to a level 
. a . . . established by a single setting pulse 
its ability to withstand large disturbing current pulses send Senalaben Ge Gatent detarseined be 
= werd ite , etate the stored pulse for an indefinite length 
without reversing its flux state. of time. Once set, the TRANSFLUXOR 
does not require an input command to 


Write today for technical data and availability infor- furnish output intelligence 
mation on samples. 











F RADIO CORPORATION of AMERICA 


COMPONENTS DIVISION CAMDEN, N. J. 
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Computer Racks, Consoles & Cabinets 


ROTRON Model NF Fan with 

6%” diameter propeller is one of 
6 similar designs ranging from 

3” to 8” in propeller diameter. 


STATIC PRESSURE 
INCH WATER COLUMN 


100 200 300 400 500 
AIR VOLUME —CFM f 


@ PUSH OR PULL FLOW 
@ VENTURI RING MOUNTING 
@ LENGTH: 5-1/16”, MAXIMUM DIAMETER OVER VENTURI: 842” 
@ WORKS ON ALL STANDARD POWER SUPPLIES 
ne ' @ HORIZONTAL OR VERTICAL MOUNTING 
@ VIBRATION ELIMINATORS AVAILABLE 
ROTRON @ MEETS ALL APPLICABLE GOVERNMENT SPECIFICATIONS 


CATALOG SHEETS: 50105-1 & 50105-2 


ROTRON MANUFACTURING CO., INC. 
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magazine is removed. Up to 26 chan- 
nels can be recorded at writing speeds 
above 12,000 ips. Twelve discrete 
record speeds give a range of 0.047 to 
96 ips, and a jump-speed system al- 
lows the operator to pre-select speed 
ratios of 8:1, 4:1, or 2:1.—Consolidated 
Electrodynamics Corp., Pasadena, 
Calif. 
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RADAR RECORDER 


This new automatic device presents a 
photograph of the ground beneath the 
plane as seen by an airborne radar sys- 
tem. This means navigation to pin- 
point accuracy. The photograph of 
radar information is printed on a 94 
in.-wide, slowly moving film strip fhat 
pictures the ground immediately aft 
of the plane exactly as it looked to 
high-precision radar 20 sec before. 
Synchronizing film speed with the 
speed of the plane results in a perma- 
nent record of the flight path.—Hycon 
Mfg. Co., Pasadena, Calif. 
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VERSATILE INDICATOR 


This new digital flow indicator and 
totalizer gives a direct reading in rpm 
and in gallons per minute or hour, ana 
can be adjusted to specific gravity 
changes to give readings in pounds per 
minute or hour. When used with two 
Pottermeters, it will indicate the ratio 
between two flows. It samples desired 
information for a controlled period ad- 
justable from 1/10 millisec to 10 sec 
in increments of 1/10 millisec. The 








oe METER 


‘ MICROVOLTS TO KI LOVOLT 


100 UV TO 1000 V 


100 UUA TO 100 MA 
MODEL 203 


AS 80 DB DC AMPLIFIER 


The KIN TEL M 


Fifteen 


10 micr 
cates elelr 
umer ature tionally low drift with high gain, very h ‘igh 
and low outt pe ns up to 80 db with less th crovolts drift may ned The Model 203 ut 
cn THs jue chopper st zed circuit te tivity with prev y. unobtainat irift-free stability and 
APPLICATIONS ‘Eh tronic, medical cal rgical research and develoy t 


stor production and 
al purpose labora 


SPECIFIC 
Voltage Range (full scale) 100xv to 1000v Accuracy on All Ranges. +3% of full scale 
Current Range (full scale) 100upua to 100 ma Maximum Gain as Amplifier % 

Input Impedance 10 megohms below 10 mv Output Rating lv across “10002 

30 megohms at 30mv, Output Impedance less than 52 

100 megohms above 30mv Drift (after 15 min. warmup)... . 1Ouv equivalent input 
5% i $550.00 


ATIONs 


Impedance Accuracy 


Rack Mounting available as Model 203R 








STABILITY | / 


WITH CHOPPER AMPLIFIERS 
{ KAY LAB ] 


5725 KEARNY VILLA ROAD *« SAN DIEGO 11, CALIFORNIA * BROWNING 7-6700 
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LINEAR 


ACCELEROMETER 


Advanced Instrumentation by Humphrey 


ee 


New production inertial 
sensing instruments 

for extra precision 

and reliability 


Among the outstanding features 
of Humphrey’s new inertial 
sensing instruments are: dry 
helium filled, hermetically 
sealed steel cases; standardized 
mountings for rate gyro and 
linear accelerometer; and choice 
of regular AN connector or new 
pigmy connector. 


RATE Gyro is of new simplified 
design, with light-weight efh- 
cient motor, accurate trouble- 
free damping, and choice of in- 
ductive or potentiometer pick-off. 


LINEAR ACCELEROMETER is of 
dual contra-rotating mass design. 
It has practically zero sensitivity 
to cross acceleration and angular 
acceleration; ++ symmetrical or 
asymmetrical ranges (0 to 1G) 


to (0 to 100G). 


ANGULAR ACCELEROMETER is 
compactly designed with com- 
pletely symmetrical inertial ring. 
Available ranges are from zero 
to + rad/sec? to zero to 100 
rad/sec.? Except in very low 
range, either potentiometer or 
inductive pick-off can be fur- 
nished. Performance for either 
instrumentation or control sys- 
tems is excellent. 


Rate Gyro—Model RG15-0102-1: 
New simplified design with light- 
weight efficient motor. 


Linear Accelerometer — Model 
LAI15-0501-1: Zero sensitivity to 


cross and angular acceleration. 


Angular Accelerometer — Model 
/ 1-0207-1: Excellent perform- 
ance for instrumentation or 


control systems. 


ee ee ee ee 


Humphrey :... | 





Dept. C-9 | 
2805 CANON ST. * SAN DIEGO 6, CALIF, 
Send full information 
NAME___ anes 
COMPANY ___ — os 
ADDRESS __ — — 
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instrument is suitable for a variety of 
applications but is best used as a 
short-time totalizer. The four-digit 
readout uses Burroughs Nixie tubes 
with their ?-in. high numbers.—Potter 
Aeronautical Corp., Union, N. J. 
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PORTABLE RECORDER 
The Model 200 Recorder, a transisto 


ized, dual-pen, strip-chart instrument 
of the servo-driven, self-balancing po 
tentiometer type, features an unusual 
degree of reliability, fast response, 
high (10-mv) sensitivity, and good 
linearity. Dimensions are 10 by 10 by 
15 in.; weight is 23 lb. Chart drive 
may be from an external shaft, a 
Selsyn, or a synchronous motor. 
Change gears provide for six chart 
speeds.—Mount Sopris Instrument 
Corp., Boulder, Col. 


Circle No. 35 on reply card 


COMPACT INDICATOR 


Just 2 in. in diameter, a new self-con 
tained, transistorized Engine Exhaust 
['emperature Indicator continuously 
displays temperature over a 200-to 
1,000-deg-C range and has an accuracy 
within plus or minus 5 deg C. It has 
less than 4 the weight and volume of 
a comparable vacuum-tube unit, an 
instantaneous warm-up time, and a 
2-sec full-scale response. The latter 
makes it highly suitable for multiple 
thermocouple installations. It can also 
be used as a monitoring unit with any 
number of chromel-alumel thermo- 
couples and a suitable switching de- 
vice.—Ford Instrument Co., Long Is- 
land City, N. Y. 


FOR COMPLETE SYSTEMS, SPECIFY HUMPHREY city cee ; 
GYROSCOPES, ACCELEROMETERS, POTENTIOMETERS ee oe ee Circle No. 36 on reply card 
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The PEGASUS Model 20 Servo Valve 
for Missile and Aircraft Application 


IN THE MODEL 20, Pegasus presents a servo 
valve incorporating the highly reliable, high 
performance boost technique used in its line 
of industrial valves, yet meeting the particular 
requirements of low size and weight, low input 
power, and high temperature operating range 
of the aircraft industry. 


THE UNIT incorporates high pressure strain 
barriers to isolate the electrical and magnetic 
areas of the valve from the hydraulic oil, and 
uses stainless steel throughout in its construc- 
tion. The balanced boost drive provides full 
spool differential pressure for as low as one 
tenth of the maximum differential current, in- 
suring maximum sensitivity and minimum bal- 
ance shifts. 


WE WOULD BE PLEASED to submit more in- 


formation, quotations to your specifications, or 
prototypes of this unit upon your request. 


SPECIFICATIONS 
Weight 


Differential Current 


.95 pounds 

+ 8 m.a, 

1500 ohms 

2 henries 

20 in. 3 sec. 

-4 in. 3 sec, 

500 to 3000 p.s.i. 
—65 to 450°F, 


Coil Resistance .. 
Coil Inductance 
Flow Rating 

Null Leakage ... 
Operating Pressure 


Operating Temperature 


PEGASUS LABORATORIES, INC. 





DESIGNERS AND MANUFACTURERS OF ELECTRO-HYDRAULIC SERVOMECHANISMS 


3690 W. ELEVEN MILE ROAD) « 


BERKLEY, MICHIGAN 
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SPECIAL SWITCHES 
e STANDARD “‘«# 
FSCO 


of Weymouth 


Gear-operated 
TYPE JR 











rr © 
TYPE JD-JS TYPE HT 














7 = ST. 


When you need a SPECIAL switch. . . 


ESCO standard, uniform components can be assembled to meet your 
requirements; or a deviation from one of our standard types will give you a 
special switch at a standard switch cost. Over 90% of our production is SPECIAL 
in one way or another. 


These standard switches can be modified to fit your application: 


@ TYPE A—up to 8 positions, 7 sections maximum, detent- 
mechanism, rating 5 amperes 125 volts a-c/30 volts d-c. 

@ TYPE AF — up to 8 positions, 6 sections maximum, detent-action, 
rating with resistive load 5 amperes at 28 volts d-c or 115 volts 
400 cps, per MIL-S-6807. 

TYPE P — Multi-section, up to 4 positions, snap-action, rating 10 
amperes — 125 volts a-c, 5 amperes — 125 volts d-c, 30, 60, 100, 
200 amperes at 500 volts a-c, or 250 volts d-c. Can be assembled 
to meet Specification MIL-S-15291. 

TYPE JR — up to 8 positions, 30 sections maximum, detent-action, 
rating 10 amperes at 125 volts a-c, 5 amperes 125 volts d-c. 
TYPE JD-JS — up to 8 positions, 5 sections maximum, detent- 
action or snap-action, rating 30 amperes at 230 volts a-c. 

TYPE HT — up to 16 positions, 6 sections maximum, detent-action, 
rating 5 amperes at 125 volts a-c. 

Bureau of Ships No. 9000-S6202-74085 rating 10 amperes at 120 
volts a-c. BuShips 9000-S6202-74090, 9000-S6202-74096, and 
9000-S6202-74224, ratings 30, 60, and 200 amperes, 500 volts a-c 
— 250 volts d-c. 


Write for data sheets or catalog on ESCO rotary multipole switches — 
or send us your requirements and we'll give you full specifications on the ESCO 
switch that meets YOUR need. 


(BS ESCO of WEYMOUTH 


CQ ELECTRO SWITCH CORPORATION 
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ANALYSIS 
NTATION 


ACCURATE SAMPLES 


[his is the programmer, one of the 
units in the new Model 184 Process 
Vapor Fractometer. It is customarily 
installed with a recorder in a control 
room, and calibrates a third unit, the 
analyzer, which is installed in the 
plant close to the sample take-off 
point. One unusual design feature of 
the analyzer is a Teflon dryseal sam- 
pling valve, which accurately meters 
the sample volume and avoids adsorp- 
tion effects of lubricants. The pro- 
grammer occupies 7 by 11 in. of panel 
space. Recording is done on a bar 
chart.—Perkin-Elmer Corp., Norwalk, 
Conn. 
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CORROSION CONTROL 


A new explosion-proof Electrolytic 
Hygrometer is now available for con- 
trolling corrosion, product purity, and 
process efficiency. In the analysis, all 
moisture in a gas stream is electrolized 
by means of a special element, the 
amount of current thus required in- 
dicating the precise amount of mois- 
ture present. The unit automatically 
and continuously measures moisture 





Read Your Own Copy of Control Engineering! 





. when you can make sure you'll be first in line for CONTROL 
ENGINEERING next month and every month—with plenty of time to 
read it cover to cover at home—by using the handy order card below 
to subscribe NOW! 


it's certainly worth the small subscription price—less than a penny- 
and-a-half a day—to have your own personal copy every month. So 
why be a “pass-along” reader? Just fill out the order card and drop 
it in the mail—no postage necessary. 


Hand- 


incidentally, if you know a business associate who is waiting his turn 
Me- to read this copy, too—pass the other subscription order card along to 
him so he can start his subscription with this “Computing Control” 


issue. You'll be doing him a favor as well as the fellow who owns 
Down... 
this copy. 
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NEW SUBSCRIPTION APPLICATION CARD 


Yes! | want my own personal copy of CONTROL ENGINEERING every month. Enter my 
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If You Are Not Already A Subscriber 


SUBSCRIBE NOW 
and Start Your Own 


Control Systems Engineering Library! 


This Computing Control issue is another contribution from CONTROL ENGINEERING to the basic literature of instrumentation and control 
systems engineering. It's helpful information you know you'll use sometime in the future—if not right now ... the kind you'd like to keep 
for ready reference. In fact, every issue has permanent reference value and most subscribers save them alll 


A missile engineer writes: “For many months now ! have And a senior research chemist says: “We receive this 
been getting second-hand copies of your very excelient magazine in our library, but | find so many worthwhile 
magazine. | have to fight to hold on to them so | would articles each month, that | am entering my personal sub- 
like to subscribe directly to maintain an up-to-date file of scription so that | can retain these articles for my files.’ 
these issues in our laboratory.” 


And the only way you can keep this material is to have your own personal subscription to CONTROL ENGINEERING. 


Month after month you'll get detailed coverage of measurement techniques . . . data handling and reduction . 


' + + computation, decision, 
control... actuation .. . response — — 


— — presented in practical terms of the different engineering media . . . pneumatic . . . electrical . . . hydraulic . 


. elec- 
tronic . . . optical . . . mechanical. 


So start your own Control Systems Engineering reference file NOW—by entering your subscription to CONTROL ENGINEERING. Fill out the 
handy order card below and drop it in the mail TODAY—no postage necessary. 
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MAGNETIC 


Car 


ow to cope with an avalanche of urgent data 


Tape keeps ballistic missile tests in manageable form 


Four of the twenty-four Ampex FR-100 Tape Trans- 
ports at the General Electric Missile and Ordnance Systems 
Department facility in Philadelphia. 


Nobody intends to get buried, drowned, suf- 
focated or trampled as the floodgates open on one 
of the biggest of all data-acquisition programs. 
For its ballistic missile development contracts, 
General Electric’s Missile and Ordnance Systems 
Department has installed a data-processing and 
computation center to match the challenge. 


A PREFERENCE FOR TAPE 

Of the test information received, about 90 per- 
cent will be on tape. Two facts about magnetic 
tape recording help keep the sheer mass of infor- 
mation under control: (1) hundreds of simul- 
taneous parameters are recorded on one tape with 
a common time base; (2) tape gives live electrical 
voltages, hence reducing, correlating, computing 
and handling steps can be done automatically. 
General Electric’s goal is to provide all interested 
engineering groups with both analog and com- 
puted data within three days of receipt of raw 
tapes. 

Tapes from flight test, ground test and com- 
ponent development will be received from sources 
all over the U.S. These tapes will include quarter, 
half and one-inch widths. Hence most “tape sta- 
tions” in the data-reduction system will have three 
Ampex FR-100 tape transports for the three 
widths. They will share electronics. 


NOVEL USE OF A TELEPHONE TECHNIQUE 

The right data must get to each of a —_ 
number of research and design groups. No traffic 
snarls allowed — so General Electric’s engineers 
have made ingenious use of taped data’s electrical 
form. They use a “telephone central station.” After 
the necessary conversion steps, hundreds of chan- 
nels of data from magnetic tape are fed into an 
automatic relay switching system. This connects 


them into 450 channels of oscillographic writeout 
(30 oscillographs with 15 channels apiece). When 
desired one input can go through a multiple relay 
putting the same data trace on two or more of the 
oscillograph records. Programming is done by a 
carefully checked paper tape. The end result is 
visual traces in a desired side-by-side relation. 
And each oscillograph record contains the data of 
interest to particular engineering groups. 
Magnetic tape comes to life again in compu- 
tation. The visual records are marked wherever 
special computer effort is required. Another group 


Ampex FR-100 Tape transports Thirty oscillographs 
(discriminators etc. omitted of 15 channels apiece 
to simplify diagram) (amplifiers etc. omitted) 


480 x 480) 


“Telepl relay 
system to cross 
connect any input 
to output by paper 
tape or keyboard ‘o more 
programming wscill 
(480 inputs x 480 
outputs 


“Telephone” relay switching system from 


magnetic-tape data to oscillographic writeout. 
. : nantes ——- 


of Ampex FR-100 Tape Reproducers plays the 
tapes through a high-speed analog-to-digital con- 
version system which Binds and converts selected 
sections to digital form at a rate of 45,000 conver- 
sions per second. 


If mass of data is your problem, we would be 
pleased to discuss some practical answers. Or 
would you like to have this informative ad series 
mailed direct? For either request, write Dept.HH-7. 


AMPEX FIRST IN MAGNETIC TAPE INSTRUMENTATION 
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934 CHARTER STREET- REDWOOD CiTy, CALIFORNIA 


District offices serving all areas of the United States and Canada; Foreign Representatives in countries around the world, 
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Here’s the reliable 
oscillograph that 


records rocket history 


Rocketdyne, a divisior of North American Aviation, Inc. 


CEC'’s MULTI-CHANNEL 
RECORDING OSCILLOGRAPH 


At propulsion field laboratories, CEC’s 5-114 Recording Oscillographs record such vital rocket 
engine parameters as temperature, pressure, flow, acceleration, and thrust over a broad range. 


Noted for extreme accuracy 


There is no tolerance for inaccuracy at rocket 
test stations. The most dependable, thoroughly 
proven data-recording instruments in the world 
are chosen to record data from rocket tests last- 
ing only a few seconds. In this short time CEC’s 
5-114 Oscillograph simultaneously records as 
many as 18 or 26 distinct parameters with ex- 
treme clarity. 


In the 5-114, a broad range of galvanometers 
offers response up to 5000 cps. Change gears 
provide an accurate 28-step range of speeds from 
.45” to 115”/second with choice of 7”-wide rec- 
ord capacities up to 900 feet. Automatic record- 
length control, scanning system, record number- 
ing, trace identifier, and shockmount base are 
standard features. 


For complete information, contact your nearby CEC field office, or write for Bulletin CEC 1500-X 16. 


Consolidated Electrodynamics 


yeoor, 
soul 
“r 


A 300 North Sierra Madre Villa, Pasadena, California 


OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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concentrations in vapor samples with 
at least 95 percent accuracy in a 
0-to-1,000-ppm range at temperatures 
up to 100 deg C.—Beckman Instru- 
ments, Inc., Fullerton, Calif. 
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4-COMPONENT ANALYSIS 


Shown is the Model 120-A industrial 
gas chromatograph control unit and 
analyzer section designed for the con- 
tinuous analysis of up to four com- 
ponents of a specific gas stream. The 
two parts of the low-cost instrument 
can be separated by 1,500 ft and still 
maintain their measuring and record- 
ing accuracy. Other features are sim- 
plified control, visual and permanent 
recorder readout, an accuracy of plus 
or minus | percent, a locking door, an 
integrated test circuit to facilitate 
maintenance, and automatic or manual 
operation. Only the analyzer unit is 
shown here, cover removed.—Beckman 
Instruments, Inc., Fullerton, Calif. 
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VERSATILE ANALYZER 


The Davis Electro-Conductivity Ana- 
lyzer has been designed for the con- 
tinuous monitoring of parts per mil- 
lion content, in air, of any gas or vapor 
that will ionize in water (or whose 
combustion products will ionize in 
water). It is suitable for toxic gas con- 
trol in work areas, for tracing impurity 
in process control (e.g., analyzing for 
residual hydrogen sulfide or mer- 
captans in natural gas) or for monitor- 
ing air for ppm of chlorine, nitrous 
fumes, phosgene, hydrogen sulfide, 


etc.—Davis Emergency 
Co., Newark 4, N. J. 
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Equipment 


PPM OXYGEN ANALYZER 


The Series 11-400 Oxygen Analyzer 
continuously monitors oxygen content 
in process plant gas streams by meas- 
uring the electrochemical change in 
an oxygen-sensitive reagent exposed 
to a gas sample containing oxygen. 
A regenerator in the flow arrangement 
reduces the oxidized liquid, and per- 
mits a closed-loop operating cycle. 
Full-range sensitivity can be had for 
any oxygen value between 50 and 
2,000 ppm. Units are available for 
recording, controlling, indicating, or 
telemetering to remotely located re- 
ceivers.—Davis Instruments, Newark, 
N. J. 

Circle No. 41 on reply card 


PACKAGED CONTROL 


Shown is the control unit for the new 
Sparton/Cash Standard Type 300 
Packaged Control System, designed 
for the remote positioning of valves, 
throttles, rheostats, and other final 
control elements. Pressure, flow, level, 
speed, and many other process vari- 
ables can be controlled from a few 
feet to many miles away by a single 
operator at one central location. Fields 
of application would include muni- 
ciple water distribution, sewage treat- 
ment, petroleum and chemical process- 
ing, and atomic energy operations. 
The single-package system combines 
the response speed of electronics with 
the smoothness of pneumatics and hy- 
draulics, and uses a power supply, posi- 
tioner, reducing valves, and booster 


‘* Ideal 
etevasiol-lallolar- 


for your CEC 
Recording 
Oscillograph 


These extremely reliable units are 
teamed with CEC’s Recording 
Oscillographs in the nation’s leading 
rocket test centers. 


CEC’s AMPLIFIER SYSTEM D—Provides 
amplification, gain control, balance net- 
works, and impedance-matching circuits 
to assist in recording output signals from 
self-generating or externally excited pick- 
ups. Offers any combination of linear, 
integrating amplifiers and carrier ampli- 
fiers up to 12 channels. Write for Bulletin 
CEC 1403-X6. 


CEC’s NEW MODULATOR— Now you can 
feed d-c signals from thermocouples or 
strain gages through the carrier amplifiers 
of System D. The new Catalog 15-005 
Modulator produces full-scale amplifier 
output from a one millivolt d-c input. 
It is essentially a two-transistor electronic 
switch which converts low-level, static 
and quasi-static d-c signals into pulses ac- 
ceptable for amplification by the carrier 
amplifier of System D. The 15-005 may be 
plugged directly into the amplifier case or 
into the amplifier input line with stand- 
ard connectors. 


Contact your nearby CEC field office, or 
write for the Bulletin mentioned above. 


Consolidated 
Electrodynamics 


ce 300 N. Sierra Madre Villa 
Pasadena, California 

OFFICES IN PRINCIPAL CITIES 

THROUGHOUT THE WORLD 
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FM TRANSMITTER 


MODEL 3115 


@ SMALL SIZE 


@ HIGH STABILITY 


New, improved model 
designed for extreme 
environmental conditions 
(100g shock; 2000 cps 
vibration,—55 to 
+75°C). Subminiatur- 
ized and crystal-stabil- 
ized with telemetry band 
spurious output better 
than 60db below carrier. 


Frequency Range: 
215-235 me 
Frequency Stability: 
0.01% ; 
Power Output: re 
2 watts 

Weight: 1.7 pounds 


SN, / 
RF POWER AMPLIFIER 


MODEL 3052 


M RUGGED 
m@ COMPACT 
@ RELIABLE 


* 
& 
ies 
Wu 
2 
il 
ad 
uJ 
hee 


Provides 50 watts 
output from 2 watts 

input. Rugged con- 
struction and the use 

of a stacked ceramic 
tube makes this ampli- 
fier stable and _ reliable 
over a wide range of en- 
vironmental conditions: 


Temperature:—55° to +75°C 
Shock: 100g 

Vibration: 20g, 20-2000 cps 
Altitude: 0-70,000 feet 


a 


RADIATION 
INC. 


MELBOURNE and ORLANDO, FLORIDA 
ELECTRONICS* AVIONICS * INSTRUMENTATION 


Personnel Inquiries Invited. 





Write Box 37, Melbourne, Florida for complete data and prices. 
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| NEW PRODUCTS 


valve as standard components. Signal 
transmission is via telegraph, tele 
phone, or private wires, and can also 
be handled by microwaves.—A. W. 
Cash Co., Decatur, III. 

Circle No. 42 on reply card 


RELAY -OVERVOLTAGE 
comract’ 


Samal Ne 
MARTMAN ELECTRICAL MBG. CO. 


MANSFIELD. ONO 


or 


INV) iti¥ 40 
SN 4 HLM 


TaTWaK 36 01 Sixw 
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— 
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SEALED RELAY 


Designed for multiple generator sys- 
tems and for high-speed, high-altitude 
aircraft, this new over-voltage relay 
will withstand frequency vibrations in 
the order of 10 g’s to 500 cps. Fea- 
tures include a complete hermetic seal, 
a more rigid mounting bracket with 
interchangeable mounting dimensions, 
and a selector winding to detect the 
generator that has gone over-voltage. 
It meets AF spec MIL-R-25078A. 
Hartman Electrical Mfg. Co., Mans- 
field, O. 

Circle No. 43 on reply card 


PROGRAM TIMER 


An adjustable program timer for con- 
tinuous, multistage circuit control is 
provided with a constant-speed drive 
actuated by a synchronous motor. ‘This 
arrangement permits programming 
and recycling of complex switching 
patterns with respect to any time cycle 
| up toa maximum of 4,000 sec. Range 





for 
analog computer 
readout: 


modern, compact, mobile 


SANBORN 


CONSOLE RECORDING SYSTEMS 


Up to eight problem variables can be recorded in inkless, permanent, 
rectangular-coordinate tracings — with Sanborn’s improved six- and eight- 
channel 156-, 158-5490 Console Systems. Less than four feet high and about 
two feet in width and depth, these Systems are completely mobile and de- 
signed for maximum operating convenience. Controls and indicators on the 
sloping top panel include individual-channel attenuation, position, balance, 
sensitivity and stylus heat adjustments; switch for turning off B + of output 
amplifiers; chart drive motor switch (can also be remotely controlled); code 
marker and/or one-second interval timer stylus switch. The Recorder unit, 
either six or eight channels, features paper loading from the top, and nine pre- 
cisely controlled speeds from 0.25 to 100 mm/sec. Four dual-channel DC Driver 
Amplifiers of current feedback design are housed below the Recorder, and are 
mounted on a chassis which may be withdrawn for inspection. 


Electrical specifications of the Console Recording Systems include a basic 
sensitivity of either .01 volt/chart division (5490 types) or 0.1 volt/chart division 
(5495 types); linearity of 1%; drift less than 1/2 chart division/hour (5490), less than 

1/20 chart division, hour (5495); flat frequency response to 20 cps, down 3 db at 60 cps 
for all amplitudes to 5 cm peak; either single-ended or push-pull input signals of 5 
meg. impedance (each input lead to ground). 


Further technical data, prices 
and delivery information — on 
the 5490/5495 Console Record- 
ing Systems and two- to eight 
channel 5475/5480 Systems 
are available on request 
from your Sanborn Sales- A useful companion instrument is the new Sanborn Model 183 Programmer, de- 
Engineering Representa- signed to provide a connecting link between an analog computer and the Console Record- 
tive or the Industrial ing System. Shown mounted at the top rear of the Console, the Programmer operates 
Division in Waltham. the Console in the following automatic sequence: turns recorder drive on—feeds calibra- 
tion signals to all channels — reads initial DC levels of computer—closes contacts to start 
computer problem — records computer output for a preset chart length—turns off recorder 
drive and resets itself for another cycle. 


SANBORN COMPANY 


INDUSTRIAL DIVISION 
175 Wyman Street, Waltham 54, Massachusetts 


“Visit Sanborn Booths 1318-1320, ISA Show, Clevelond, Ohio, September 9-13, 1957” 
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PATENTS PENDING 


KYBERNETES 
PRESENTS ANOTHER 
COMPLETELY NEW 

CONCEPT IN 
INSTRUMENTATION 


TEMPERATURE 
INDICATOR MONITOR 
FOR MONITORING 

40 TO 80 THERMOCOUPLES 


@ WITH POTENTIOMETRIC 
ACCURACY 


@ INCORPORATING A BUILT-IN T. I. | 


(TEMPERATURE INDICATOR) 


@ COMPLETELY ELECTRONIC WITH | 


NO MOVING PARTS 


@ ALL IN ONE COMPACT 
INSTRUMENT* 


TIM has been made possible through the 
incorporation of advanced techniques de- 


veloped for The Kybernetes Data Logger. | 
The three major components involved are | 


the all-electronic potentiometric type am- 


plifier with ground isolated input and high | 
noise rejection factor, the alarm compar- | 


ator, and the chopper stabilized power 
supply. These units have maximum long 
term drifts of .06%, .01% and .01% 
respectively. 


FEATURES OF THIS 
INSTRUMENT INCLUDE — 


@ Non-interruption of alarm monitoring 


during readout on the T.I. 


@ Continuous alarm scanning at the rate 
of 5 points per second. 


@ Individual hermetically sealed plug-in | 


relays for scanning to provide many years 
of reliability. 

@ Advanced standardizing technique elim- 
inating the use of a standard cell. 


@ Accurate setting of the individual | 
alarm set points, read directly on the in- | 


dicator, provides operational simplicity. 
@ 1° readability on the T.I. through incre- 
mental ranging in 100 degree steps. 

@ Imperceptible meter error through 


range suppression in potentiometric type | 


amplifier circuit, 
@ Alarm memory for momentary alarms. 


@ Elimination of conventional lockup re- 
lays in annunciator circuits. 


@ Automatic operational check of all | 


circuits including continuity of thermo- 
couples. 

@ Compact design — 21” wide, 44” high 
and 16” deep. 

*The power supply is packaged separately. 
TOTAL NET PRICE: 40 point unit 
$4,000 F.0.B. New York, N. Y. $50 per 


additional point to a maximum of 80 
points per unit. 


YOURS ON REQUEST: Technical Bul- 
letin #109 fully describing TIM 


THE 





[ KYBERNETES® ] | 





CORPORATION 


A DIVISION OF SELF WINDING CLOCK CO.. INC. 
FOR 71 YEARS LEADER IN TIME STANDARDS AND PRECISION ENGINEERING 


SALES AND EXECUTIVE OFFICES: 


9 EAST 40TH ST., NEW YORK 16, N. Y. | 
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brackets are specified in 100-sec incre- 
ments. The overall time cycle is ad- 
justable in l-sec increments from zero 
to one-half the maximum range, and 
in 2-sec increments from one-half to 
full range. Intermediate switching 
events can be preset at any points 
throughout the full range of the unit 
in l-sec increments. The number of 
events is limited only by the length 
of the time-cycle settings.—Counter & 
Control Corp., Milwaukee, Wis. 
Circle No. 44 on reply card 


G-SENSITIVE 


This acceleration-sensitive switch ver- 
sion of the DDL Accelerometer is a 
magnetically damped, rugged, oil-filled 
instrument suitable for use in high 
speed missile and aircraft instrumenta- 
tion systems. Available ranges are from 
plus or minus 0.01 g to plus or minus 
30 g’s. The switch will open and/or 
close at any specified g value (or 
multiple values). Normally-open, nor- 
mally-closed, or multiple-switch cir- 
cuits can be provided.—Genisco, Inc., 
Los Angeles, Calif. 

Circle No. 45 on reply card 


NEW POLAR RELAY 


The MYZA transistorized polar relay 
is actually a Micropositioner with a 
built-in transistor preamplifier. It thus 
requires greatly reduced input power 
to operate the contacts. Models are 








aunch. 


AC’s NEW INERTIAL GUIDANCE SYSTEM-— 
THE AC)HIEVER-CAN “TAKE IT” 


Literally . . . blasted off the earth . . . then guided with uncanny 
accuracy by the AC Achiever System. And through all this the precision 
of the Achiever’s moving parts—some of them machined to tolerances 
in the millionths of an inch—is not affected in the slightest! 


Once launched, the Achiever provides Air Force ballistic missiles their 
“built-in” navigator by compensating for weather and distance. 
Navigating thousands of miles, the Achiever gives the missile pin- 
point accuracy! 


Engineering feats like the Achiever contribute to AC's position of 
leadership in this complex field of electro-mechanical research and 
engineering. They account, too, for AC's position as a prime con- 
tractor on guidance work for the Air Force in the field of advanced 
missile systems. Carrying top priority from theory right into pro- 
duction, AC stands ready. 


THE ELECTRONICS DIVISION OF GENERAL MOTORS 


FLINT, MICHIGAN MILWAUKEE, WISCONSIN 
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JNDICATING LAMPS | |» e000 


2026-F 2026-F 


Rectangular lamp with flat lens for engrav- 
ed (1-3/16" x 3/4”) message; all colors. 
T-3'%4 SC minicture bayonet bulb for low ; : 
voltages, (24 tungston bulb with series available with three types of contact 
+ meena Ay BS Single hole (24") mount: operation: form K or “null-seeking” 


ed. Frame size 1-13/32" x 31/32”. calibration; form M, known as “mem- 


2026-P ‘. ory-type” calibration; and form C, 
Rectangular lamp with prisni lens fat side ap-acting calibration. Three tvpes 
a ate eae of ates Fee ae sek ke elie. 

one u ‘or low voltages ungs- | ai . rT? | slay P . . > . 
ton bull with series resistor fer 120/3220¥) ue ee ie nie 
in 3%” hole. Frame 1-13/32” x 31/32”. < , ¢ I Pp ications in posi 10ning, 











variable-leg Wheatstone bridge, and 
659 D/E I 659 D/E speed regulation circuits.—Electrical 
Rugged, heavy-duty unit, extremely shallow Components Div., Barber-Colman 
depth behind panel (11/4") brilliant side . wm 
visibility. Chrome finish, gloss lens, 134” Co., Rockford, Ill. 


dia. mounting hole. $6 bulb, molded bake- Circle No. 46 on reply card 
lite socket, 6-32 terminal screws, U/L listed, | 











170 S/P 170 S/P 


2” diameter lens, glass or plastic, for en- 
graved message; brilliantly back lighted, 
one lamp Annunciator for individual or 
multiple use. Mounting hole 134”, $6 bulb, 
6-32 terminals in molded bakelite socket. 
Bright chrome finish. U/L listed. 





2-SQ 

Square lamp, mounts in 132” round hole, 
ideal Annunciator unit, 1%" Kk 11%" en- 
raving area. Molded frame, 17" square 
ri may be removed from front for ser- 
vicing. Uses S6 bayonet and screw type 
bulbs and T-31/, bulb for low voltages. 





T2MC 


The Engineers unit, uses low-current T2 
slide-base bulb, (low os 0.038 amp.). Glass 
or plastic lens for engraving integral mes- 
sage. Mounts in 19/32” hole. 11/16” OD, 


molded body. VOLTAGE MONITOR 


The Series 2303 Compacts are voltage- 


600 sensitive meter relay controls for moni- 


Heavy-duty lamp with slip-fit lens cap. S6 toring voltages. Each unit contains a 
a ae Sees, a ee VHS relay, load relay, and other com- 
Mounts in 134” hole, curved or flat lens ponents needed to continuously moni 
— a ae Ve tor or control voltage supplies. Relay 
action may be manual or automatic 
reset. Inputs are 10 mv to 500 volts 
Recessed Lamp Recep- RBE-170 Combination Lamp and Relay de or 250 mv to 500 volts ac. Accuracy 


tacles for S$14-S11-G10 varies from 2 to 6 percent, depending 


| on temperature and tvpe. Character 
“3 istics of the load switch are as follows: 
SPDT, 5 amp, and 125 vac noninduc- 


tive. Standard connector is a nine-pin 
P=) be: | plug-in octal type; AN connectors are 
optional.—Assembly Products, Inc., 

Multiple Lamp Units : 


; . : 
for Bock Lighted Palm Springs, Calif. 
Messages Circle No. 47 on reply card 











Switch Plate Lamp 


ANNUNCIATORS TIME DELAYS 


Delay ranges from 5 to 20 sec up to 1 
to 5 min are available in a new line of 
sistant saamiiiiain a ; thermal time delay switches, ordinarily 
cuperviced contests iu- : , “ used with magnetic relays. Delay can 
minate message panel; - be set at any point within the limits 


Lamp annuncictors with 
plug-in relay units. 





steady or flashing lights. of the timing range by means of an 


atic adjustment screw that varies the con 
. tact gap. The line includes two type 

The H. R. KIRKLAND Co., Morristown, N. J. a See aagcadan’ ts. 

one providing immediate recycling, the 

other not. Both can be supplied with 





Serving the Electrical Industry Since 1930 
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new components from 


subminiature wire- ur 
au ” ” bois “ type hai M CAPBACITO rh 
tantalum capacitors and 


variable transformer 


GREATER CAPACITANCE PER UNIT VOLUME 


The new Series TW Ohmite subminiature Tan-O-Mite® 
TANTALUM CAPACITORS are wire-type units that fea- 
ture greater capacitance per unit volume, lower leakage cur- 
rent and power factor, and small capacitance drop at 
extremely low temperatures as compared to other types of 
electrolytics. Ultrasmall for low-voltage DC transistorized 
electronic equipment, these new tantalum capacitors have 
high stability, high capacitance, long shelf life, and excellent 
performance under temperature extremes of —55°C to 
+85° C. They are available in six subminiature sizes: 0.1 to 
60 mfd. over-all capacitance range. 


~~ PLASTIC 
EMBEOMENT 





UNINSULATED INSULATED 








D finches) L linches) D | t 
Rit an 
075 (5/64) -156 (5/32) 082 .203 
.075 (5/64) -187 (3/16) .082 | .234 
.095 (3/32) 172 (11 /64) .100 .218 
095 (3/32) -250 (1/4) .100 | 312 
125 (1/8) +312 (5/16) 134 .375 
125 (1/8) 500 (1 /2) 134 -562 

















Smallest size is .075 (544) x .156(%2) inches; the largest is 

125 (4%) x .500 (14) inches. Five stock sizes are available in 

a wide range of capacitances, voltages. Units insulated with 

a tough Mylar® plastic sleeve can be furnished. Write on 
MORE CAPACITY FOR EQUAL SIZE company letterhead for Bulletin 148B. 


The rating of 12 amperes represents a continuous rat- 9 

ing at any brush setting. This “bonus” in current capac: BE RIGHT WITH 
ity is the result of a unique core design by Ohmite. | i ie) 
The new Ohmite VARIABLE TRANSFORMER s 
model VT1R5 features: Long-wearing, nonoxidizing, | 
rhodium-plated coil contact surface, a ceramic hub that © 
mounts the contact arm, and provides 3000 VAC insu- ty ea Ai ieee iar arate 

lation between parts at line potential and shaft assem- —_—HEQSTATS + RESISTORS + RELAYS + TAP Switcnes 
bly; positive brush to center-lead connection because _—_—s« FJANTALUM CAPACITORS + VARIABLE TRANSFORMERS 
brush pigtail shunt is bonded into solid copper-graphite “j oe 
slip ring. Input voltage is 120 V, 60 cycle; output volt- 
age is 0-120 V—0-132 V. Mounted as 3;°-32" bushing OHMITE MANUFACTURING COMPANY 


and nut. Write for Bulletin 151. 3674 Howard Street, Skokie, Illinois 


+. 





HOW THERMISTORS CAN HELP YOU 


Compensating for 

Temperature Effect on Transistors 
with 

GLENNITE® Thermistors 


Keeping transistor amplifier power gain constant has continually 
plagued computer design engineers. Recent experimentation 
using Glennite wafer thermistors has provided a simple, 
effective solution to this problem. 

A temperature increase in the transistor amplifier circuit shown 
above causes an increase in power gain. To maintain con- 
stant gain, a Glennite wafer thermistor is placed in the 
feedback circuit. Negative temperature coefficient 

of the thermistor causes a decrease in resistance 

as the temperature increases. The resultant feed- 

back degeneration compensates for the gain. 

Transistor gain control in computers is one 

of innumerable applications for versatile 

Glennite Thermistors. Wafer, bead, and rod 

configurations offer inexpensive solutions 

to thousands of temperature sensing, 

temperature compensation, amplitude 

control, measurements and analyses. 

and time delay problems. 


Write for “HOW TO USE 

THERMISTORS.” It outlines 

solutions to many of the above 
problems. 


Thermistor Division 


ulton Industries, Inc. 


METUCHEN, NEW JERSEY 
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contacts rated at 1 or 2 amps, 115 vac. 
—Betts & Betts Corp., New York, 
N. Y. 

Circle No. 48 on reply card 


VARIABLE TIMER 


The PM-47 Timer provides a settable 
time delay between 0.3 and 10 sec 
with an accuracy of plus or minus 5 
percent and an output energy greater 
than 35,000 ergs. Temperature am- 
bients from minus 70 to plus 165 deg 
F, and accelerations up to 100 g’s are 
said to have no effect on its operation. 
The timer is suitable for use in missile 
and aircraft systems, sled timers, pro- 
gramming devices, and explosive-ele- 
ment initiation. Transient circuits are 
used to get the proper time delay.— 
Patterson, Moos Div. of Universal 
Winding Co., Jamaica, N. Y. 

Circle No. 49 on reply card 


COMPACT SELECTOR 


The Secode type 49 Selector, an 
electromechanical switch responsive to 
dc pulses, is designed to close its con- 
tacts only upon receipt of a specific 
sequence of pulses, rejecting all others. 
It responds to pulses with a minimum 
duration of 0.05 sec, spaced 0.03 to 
0.1 sec apart, and occurring at a rate 
of 4 to 20 pulses per second. Maxi- 
mum pulse duration is not critical, 
and power requirement during puls- 
ing is 5 watts. The combination of 








DESCRIPTIVE DATA 


SIZE: 1 inch diameter x 2% inches long 
WEIGHT: 3.8 ozs. 
FULL SCALE RANGE: 40 to 400 degrees/second 


LINEARITY: 0.1% of full scale to ¥ range, 
within 2% to full range 


RESOLUTION: 0.01% full scale 
DAMPING: Fluid damped, temperature compensated 
PICKOFF: Variable Reluctance type, 400 - 6,000 cps 


MOTOR EXCITATION: 6.3 volts - 400 cps, 26 volts - 
400 cps, 9 volts - 1,000 cps 
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Putting the sting axa ) cl] 


GOLDEN GNAT 


Miniature Rate Gyros for 
Missiles and Aircraft 


Here is a precision, miniature rate gyro. It’s tiny . . . measures only 1 inch 
in diameter and 2% inches in length. It’s rugged . . . withstands 100G 
shock and 10G vibration to 2,000 cps. It has a record of proven 


performance. 
Gnat Rate Gyro 


Shown actual size Even under the: most severe environmental conditions the Golden Gnat 
will perform as required. To make this possible many unique design de- 
tails have been incorporated. One such detail is the Gnat’s gold plated 
steel housing for improved corrosion resistance and positive hermetic 
sealing. 


Wherever the need exists for high performance miniature rate gyros such 
as for autopilot stabilization in missiles and aircraft, antenna stabilization 
and fire control applications, the Golden Gnat is ideally suited. Write for 
Bulletin GN . . . Minneapolis-Honeywell, Boston Division, Dept 34, 1400 
Soldiers Field Road, Boston 35, Mass. 


Honeywell & 
BOS TON DIVISton 
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quality 
in a miniature relay? 


telephone 
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_ yes! 


IN NORTH 
“Mm” TYPE 
RELAY! 


Note the “U” shape of the lever 
springs. From the pile-up, the 
lever spring extends the full 
length of the coil, then doubles 
back an equal distance to the 
fixed contact points. 


Stability of operating characteristics, with which relay depend- 
ability is achieved, can be maximized by a configuration which puts 
the fixed contact springs as close as possible to the clamping axis 
of the pile-up and yet escapes the penalty of the greatly fore- 
shortened lever spring common in miniaturized relays. 


In the North “M” Relay, both requirements have been met. 


The fixed contact springs are lateral extensions from the anchoring 
pile-up, minimizing any possibility of post-adjustment variation. 


The unique “U” design of the lever springs in North’s ‘“M” Relay 
enables it to meet critical space requirements while retaining lever 
spring length to achieve telephone dependability. 


The armature in North’s “M” type relay operates on a knife 
hinge—never needs lubrication, and the small amount of armature 
travel provides fast operation. 


Lightweight operating parts keep contact bounce at an absolute 
minimum. 


North’s “M” type relay can be furnished with 6, 12, 24, 48, or 100 
Volt coils; 1, 2, or 4 DPDT standard spring arrangements; with 
double gold or single silver contacts; with dust cover and octal 
mounting plug. 


North’s “M” type relay is available from stock. 


Length 1-13/16”, Height 1-1/4”, Width 25/32”, Weight 1.8 oz. 


INDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY 


749 SOUTH MARKET STREET * GALION, OHIO 


Available in Canada through Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P. Q. 
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pulses required can be changed in less 
than a minute without the aid of tools. 
Over 100,000 combinations are pos- 
sible. Applications include telephone 
signaling, remote contro] systems in 
which a telephone dial or automatic 
code sender is used to transmit com- 
mands, 2nd computing systems. As 
used in the latter, it actuates equip- 
ment upon receipt of a specific S$e- 
quence of pulses. The unit weighs 
less than 2 lbs and will easily fit in 
the palm of a hand. Prices range from 
$62.50 depending on the coil and 
contact combination specified.—Elec 
trical Communications, Inc., San 
Francisco, Calif. 

Circle No. 50 on reply card 


M-1000A A RELAY 


HIGH RATING 


Occupying only 0.18 cu in., this sub 
miniature relay features full 4 in. 
silver or palladium contacts handling 
3 amp resistive load standard, and 4 
amp intermittent. A permanent mag 
net in an electromagnetic circuit pro 
vides the extra armature torques 
needed to overcome high-contact pres 
sures and to actuate large contacts. 
No pivots, hinges, or bearings are used 
in the balanced armature, ‘lIhree re- 
lay types are available. Lhe unit 
shown, dc SPDT with standard pull-in 
at # watt, has vibration resistance 
30 g to 500 cps, and 20 g to 2,000 
cps.—Luther Mfg. Co., North Holly- 
wood, Calif. 


Circle No. 51 on reply card 


PRESSURE SWITCH 

The inexpensive but reliable GIS-8000 
industrial pressure switch, designed 
for machine tool control panels, hy- 
draulic test stands, and lubrication 
systems, measures 24 in. in diam by 
24 in. high. A sealed pressure sens- 

























































































SPECIFY LINDE 


LINDE Sapphire is... LINDE Sapphire has... 
Hard — Moh 9 


Excellent IR transmission 
at high temperatures 
Easily sealed to metals and ceramics (above 500° C.) 
Priced competitively with 
sintered materials 


Nonporous—0% porosity 





























Sapphire 


LINDE Sapphire is 
Strength at elevated temperatures available as... 


Transparent, single crystal, pure High melting point —2040° C, Windows 
aluminum oxide 


Domes 
Rods and tubes 
Special shapes —to order 


For more information about LinpE Sapphire . . . Write “Crystals 
Dpt. CF-9.” Linpe Company, Division of Union Carbide Corpora- 
tion, 30 East 42nd St., New York 17, N. Y. In Canada: Linde Com- 

pany, Division of Union Carbide Canada Limited 





1b} Site) 
Led Ni i=j)e) 5 








ENGINEERS AND SCIENTISTS interested in work- 
ing in Synthetic Crystal Sales & Development, contact 
Mr. A. K. Seemann, Linde Company, 30 E. 42nd St., 
New York 17, N.Y. 








The terms “Linde” and “Union Carbide™ are registered trade-marks of Union Carbide Corporation, 
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NEW! NEW! NEW! 


FOR HIGH SPEED 
bem eiol, Bailes '].i-a J lengele). 7.N ii. bf 


DAYLIGHT | 
LOADING FASTAIR... | 


NEW PRODUCTS 


ing chamber contains a diaphragm 
suitable for a variety of fluids and 





gases. Factory pre-set, the switch 

| will make or break electrical loads_ ot 
110/220 volts to 15 amp in response 

he Bd 

| to pressure changes up to 225 psi. 

| Gorn Electric Co., Inc., Stamford, 

; Conn. 

Circle No. 52 on reply card 
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HIGH SPEED MOTION | 


PICTURE MISSILE CAMERA 


This 16mm Camera accepts standard daylight loading | 
spools in the new 50’ and 100’ magazines . . . will with- | 


stand extremely high “G”’ loads in acceleration, vibration 


or shock. A full complement of lenses is now available. | 


COMBINED MOTION 
PICTURE AND 
OSCILLOGRAPHIC CAMERA 


... where economy is a factor. Features 100’ daylight load- 


ing spools... speed ranges from 150 to 8,000 pictures per | 


second ... can take pictures or oscillographic recordings 


simultaneously or independently . .. three cameras in one. | 


8mm or l6mm 
MOTION PICTURE 
ANALYSIS PROJECTORS 


... for study and analysis of sub- 
jects filmed at high speeds. Pro- 
jection without flicker as slowly 
as 2 frames per second. Normal 
projection (16 f.p.s.), frame by 
frame or still picture projection 
may be shown. 


FASTAX owwision 
WOLLENSAK 


OPTAIGAL “COMPAN 
a celeodal-t-1 1-1 ae on) oe 
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| FOR INDUSTRIAL USE 
| 


Shown is a miniature photoelectric 
relay designed for reliability, mim 
mum maintenance, and low cost. It 
plugs into a 120-volt line and needs 
no tubes or transistors. A high-speed 
sensitivity relay, power supply, and 
photocell lens assembly are all con- 
tained in a cast-aluminum case 44 by 
24 by 14 in. The device sells for $35. 
Plug-in and splice box types are avail- 
able.—Tn-Tronics Co., Bellwood, III. 
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ELECTRONIC COMMUTATOR 


The Series ETC-30 Electronic Com- 
mutator, developed for airborne tele- 
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New cP\theyrial switch is 
Light ahd Lively 


/ 
/ 
/ 








This new lightweight (weighs less 
than one ounce) thermal switch features an 
operating differential of plus or minus only 

one degree with extremely fast response. 


With an effective calibration tem- 
perature rating from —20°F +1000°F, 
it will even operate accurately 
when subjected to momentary 
undershoots to —80°F and 
overshoots to as high as 2000°F. 


Wherever fast-acting, sensitive, 















Z thermally responsive regulation is required 
! for control of dangerously high or 
I low temperatures, this ‘““LIGHT and 
P LIVELY” switch will do the job 
} accurately, dependably. 
! Z 
! av 
; ri 
' / 
I Ask about these CPI switches, too. 
! « wie 
ee 
| . ‘ 
! XN 
1 } \ 
\ Plug-stat : / Super \ 
: y, f Sup 


versatile 
thermal switch 


High-temperature 
thermal switch 









Hermetically sealed 
fire detector 











Thermal switch 
for temperatures 
to 1200 °F 








Ask our representative to tell you how CPI 
can help you solve your temperature control 
problem—and remember—when temperatures 
are high (or low) you can depend on CPI. 
Write for complete engineering data 
Ask for catalog CE 


Cortiol products, inc. 


HARRISON, N.J. | 
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| NEW PRODUCTS 


metering application, is offered with 
sampling rates ranging from 75 to 900 
points per sec. It may be used as a 
direct replacement for mechanical 
commutators in 0-3 volt and 0-5 volt 
systems. Errors due to drift, cross-talk, 
and nonlinearity are less than 0.5 per- 
cent. The unit is designed to give 
noise-free operation, without main- 
tenance of any kind, for at least 5,000 
hours. Features include 27 informa- 
tion channels, 1 master pulse, and a 
built-in signal limiter. Power required 
is 150 vde at 12 ma. The unit meas- 
ures 3 in. in diam by 5 in. long and 
weighs less than 2 Ibs.—Arnoux Corp., 
Los Angeles, Calif. 
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POWER SUPPLIES 





VERSATILE SUPPLY 


Here is a portable power supply for 
laboratory, field, and industrial use 
that combines ruggedness and com- 
pactness with the accuracy of a pre 
cision instrument. Features include a 
continuously variable output, a high- 
voltage vernier adjustment, and a well- 
designed case. The two available 
models—the PR-100 and the PR-200— 
take an ac input of 105 to 125 vac, 50 
to 60 cps. The de output is 120 to 
300 volts (0 to 100 ma or 0 to 200 ma, 
depending on the model), and the ac 
output is 6.3 volts (3 or 6 amps, again 
depending on the model). Regulation 
is within 0.1 percent for line variations 
from 105 to 125 vac, and for no-load 
to full-load. Internal impedance is 
less than 2 ohms; ripple, less than 10 
mv.—Nutron Mfg. Co., Staten Island, 
N. Y. 

Circle No. 55 on reply card 








Progress Report on New Computer Developments 


Now General Electric Offers You 
Complete Computer Machine Time 
and Computer Services 


Immediate assistance in the form of a complete 
range of General Electric computer services is now 
available to business, industry and government. 
Facilities include an IBM 704 Computer having 
high-speed, random-access core storage of 8192 
words, magnetic drums, and ten magnetic tape 
units. The peripheral equipment provides for com- 
plete flexibility in selecting the input and output 
media. 

A staff of 70 specialists which includes leaders 
in the computer applications field can provide im- 
mediate assistance in solving your problems. In 
addition to supplying the most versatile program- 
ming services, the staff is eminently qualified to 
perform advanced work in the following: 
Mathematical Analysis ... Operations Analysis . . . 
Simulation 

These are resources with which you can supple- 
ment, the capabilities of your present staff and 
facilities. 


The three basic areas of 

General Electric's Computer Service: 

1. COMPUTATION SERVICE 

G.E. supplements your present computing capabilities 
by handling problem overflow resulting from the fact 
that your own computer time and personnel are sched- 
uled far in advance. 


2. DATA PROCESSING SERVICE 

G.E. provides complete data processing service, includ- 
ing the submission of interpretive reports to fulfill your 
exact requirements. Machine time is now available for 
either single or recurring tasks. 


3. REQUIREMENTS EVALUATION 
G.E. can evaluate your requirements for data processing 
and assist you in selecting the correct computer for the 
task. In addition G.E. will coordinate the installation, 
develop the program and train personnel to operate 
the computer. 

For complete information contact: General Electric 


Company, Computer Department, Marketing Section, 
1103 North Central Avenue, Phoenix, Arizona, 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


CPA-2 (6-57) 
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STEPPER noror 


PROVIDES = 
Bc-Directioual 


PROPORTIONAL SHAFT 
ROTATION FOR A GIVEN PULSED INPUT 


MODEL SM-300-1 
e Angular increment per pulse — 36°. 
e Stepping rate — up to 15/second. 


e Voltage requirement — 28 V. D.C. 


on time 
Duty cycle — ( 





) 
on time & off time 
Weight — 8 oz. 


Shock — 15 G’s for 11 milliseconds duration each way along 
three major axes. 


Reliability — shall not fail to convert more than one pulse in 
1,000,000 into equivalent angular rotation. 


OTHER MODELS AVAILABLE WITH VARIATIONS FROM THE 
ABOVE SM-300-1 SPECIFICATIONS. 


The two rotary solenoids contained in each motor produce the incre- 
mental motion of the output shaft in either direction. Energizing either 
of these solenoids produces a combination of linear and rotational 
motion which moves a ratchet gear axially into engagement with its 
mating ratchet gear and thus imparts a constant amount of rotation to 
the output shaft. The detent roller assembly insures consant, reproduc- 
ible angular shaft rotation increments in either direction and main- 
tains the output-shaft position while the motor is at rest with the 
power off. 

Stepper Motors are adaptable to routine jobs such as driving me- 
chanical counters. They also find excellent use in positioning devices 
that will set up a controlling voltage and/or a phase shift such as 
potentiometers and autosyns. They are widely used as a positioner 
for guided missiles to adjust heading, fuel flow, altitude, and circuit 
sampling for telemetering purposes. In one adaptation as a heading 
controller, two Stepper Motors are used to position a differential auto- 
syn in steps of either vernier degree or coarse degrees per input 
pulse, bi-directionally, through a suitable gear train. 


Write for more details—available upon request. 


STEPPER MOTORS corporation 


Subsidiary of California Eastern Aviation, Inc. 


7444 West Wilson Avenue ° Chicago 31, Illinois 
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NEW PRODUCTS 


REGULATED DC 


Voltages range from 3 to 350 vde and 
current ratings from 50 ma to 20 
amperes in this brand new transistor 
ized dc power supply, said to be suit- 
able for applications requiring precise, 
transient-free power. Fixed and vari- 
able voltage units are available. Fea- 
tures include high efficiency, low heat 
dissipation, instant warmup, and ex- 
tremely long life.—Perkin Engineering 
Corp., El Segundo, Calif. 
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BRIDGE SUPPLY 


This filtered, — transistor-regulated 
power supply is designed primarily for 
a 120-ohm strain gage bridge. And 
since its output is located on the front 
panel, it can be used for other applica- 
tions too. Specifications of the com- 
pact unit include: internal impedance, 
less than 0.25 ohm; ripple, less than 
0.1 percent of the output voltage; and 
output range, 0 to 25 vde, 500 ma.— 
Spar Engineering & Development, 
Inc., Wyncote, Pa. 

Circle No. 57 on reply card 


ELECTRONIC BATTERY 


Designed to replace widely-used stor 
age battery and floater combinations 
for spectrophotometers, sensitive dc 
amplifiers, and other applications re- 
quiring stability and, low noise level, 
the Model 170 Electronic Battery has 
either a 6- or a 2-volt output. At 6 
volts, ripple and noise represent 1 my 
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FIRST TWIN DIODE... 


Designed especially for computers 


RCA-6887 Cuts Heater Power 


1 Combining exceptional dependability, small size, and a low-wattage 

“A\) } heater (1.26 watts) ...the new RCA-6887 performs with high efficiency 

on one third less heater power than ¢onventional twin diodes. This 

ew tube offers up-to-date advantages for compact, medium-speed switching 
ircuits. 


Among the many design features of the RCA-6887 contributing to long life and 
igh dependability are a pure-tungsten heater, special-alloy cathodes which 
etard interface, high-purity nickel plates, plus a protective shield to minimize 
nterelectrode leakage. Each cathode utilizes a separate base pin to permit flex- 

ibility of circuit arrangement. 

Strict production controls based on typical electronic computer conditions, ex- 
reme care in selection and inspection of materials, and rigorous tests for shorts 

and leakage—assure uniformity of electrical characteristics and stability initially 

and throughout life. 


RADIO CORPORATION OF AMERICA 


Tube Division Harrison, N. J. 


{investigate the many advantages RCA-6887 
offers your medium-speed electronic com- 
puter designs. Contact your RCA Field Rep- 
resentative at the RCA District Office nearest 


you 


HUmboldt 5-3900 
744 Broad Street 
Newark 2, N. J. 


MIDWEST: Whitehall 4-2900 
Suite 1181 


Merchandise Mart Plaza 


Chicago 54, MM. 


RAymond 3-8361 


6355 East Washington Bivd. 
Los Angeles 22, Catif. 


For technical data on RCA-6887, write RCA 


Commercial Engineering, Section 
Harrison, N. J. 
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Connecting printed circuits with AMPHENOL Prin-Cir 
components assures both ease of operation and high per- 
formance reliability. Available as plugs and receptacles, 
Prin-Cirs feature rugged, smooth-working gold-plated 
contacts and tough diallyl phthalate bodies. Application 
versatility is provided through a wide choice of contact 
terminals: Standard, Pin, Wire Wrap and Open End in 
receptacles; arrangements allowing for straight or angled 
board attachment, modular design, and cable plug-in for 
plugs. Plugs and receptacles available in 10, 15, 18 and 22 
contacts; 6 contact receptacle also available. 

Average voltage breakdown between contacts at sea 
level is 5400 V. DC for receptacles and 2300 V. DC for 
plugs. 


AMPHENOL ELECTRONICS CORPORATION 


chicago 50, illinois 


AMPHENOL CANADA LTD. toronto 9, ontario 


NEW PRODUCTS 


rms maximum; at 2 volts, 0.5 mv rms 
max. Recovery time of the unit is 
0.001 sec, and line regulation for both 
units is 0.01 percent max. Input is 
| 105-125/210-250 volts, 50 or 60 cps.— 
| American Electronics Laboratories, 
Inc., Philadelphia, Pa. 
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LIGHTWEIGHT POWER 


| This compact, adjustable dc power 
| supply, specifically designed for bench 
experiments, features a wide dual out- 
| put range: high, from 125 to 300 
volts, and low, from 0 to 150 volts. 
A 150-ma current is available through- 
out these ranges, as is a fixed supply 
of 150 volts, 50 ma. In a standby 
position, the B-plus and bias voltage is 
disconnected and the filament power 
is left on. ‘The filament voltage con- 
sists of two 6.3-volt windings at 2 amp. 
It can be arranged in series or parallel. 
—Specific Products, Woodland Hills, 
Calif. 
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PULSE TRANSFORMERS 


Highly reliable, encapsulated, hermeti- 
cally sealed pulse transformers are now 
being made to rigid military specs 
(such as MIL-T-27). They operate at 








Nen! 
Greater System Accuracy 


and Reliability with the 


PHILBRICK PAR/NTED 


Underside of Model USA-3 showing printed circuit, 
amplifier connection scheme, and connecting terminals. 














Model USA-3 showing one of the several types 
of modular packaging available at extra cost. 





PRINTED CIRCUIT: Economy, 
and compactness. 


@ OPEN LOOP D-C GAIN: 10 million. 


LONG TERM DRIFT, NOISE and OFFSET: 
under 100 microvolts. 


OUTPUT VOLTAGE RANGE: +115 volts. 
SIZE:'7” x 22” board. 

MOUNTING: Any convenient method. 
PRICE: $95.00. 


reliability 











CIRCU/T AMPLIFIER 


Model USA-3 


High performance combined with the reliability 
and compactness of a printed circuit design are fea- 
tured in the new Philbrick Universal Stabilized Ampli- 
fier, Model USA-3. It is ideally suited for applications 
to instrumentation, control and analog computation. 
Extremely high open-loop d-c gain, wide bandwidth, 
low noise and wide output range are important per- 
formance characteristics of this new chopper stabilized 
amplifier. An interesting design feature makes this in- 
strument safe against self-destruction, even under pro- 
longed overload conditions or direct grounding of its 
output. At a price of only $95.00, it offers more per- 
formance per dollar than any other amplifier on the 
market today. Write to George A. Philbrick Re- 
searches, Inc., Dept 10, for Bulletin USA-3. 


GEORGE A. 


PHILBRICK 


RESEARCHES, INC. 
230 Congress Street, Boston 10, Massachusetts 
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Automatic Monitoring and Control : | vew PRODUCTS 
of ANY Remote Pipeline Operation 














AD Pressure 


(EZ 


Receiver /Control Panel 


Graphic Panel i Card Punch 





1 


Typewriter + Computer 


with 


‘Bendix-Pacific 


ELECTRO-SPAN 


ee ae a us 
ihe 


Electro-Span Systems are accurate, reliable digital 
data transmission systems for pipeline telemetering 
and supervisory control. 

Any number of remote puinp stations or functions 
can be controlled from one or more control loca- 
tions with these Bendix engineered systems. 


The functions of control, indication, data-logging, 
and monitoring can be provided singly or in com- 
bination, providing the most accurate, efficient and 
inexpensive use of standard communication links. 


Write for the new brochure which fully describes 
these pipeline supervisory control and data-logging 
systems, Please request Bulletin ES-12. 


VERSATILE TANK GAUGING SYSTEMS 


Any number of tanks can be meas- 
ured and controlled by the Bendix 
digital pulse-code system. The re- 
ceiving equipment can indicate tank 
liquid level in feet, inches and 
eighths as well as temperature by 
tank number and can scan several 
tank farms automatically. Write for 
Bulletin ES-5A for full information. 
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ambient temperatures up to 85 deg C. 
Also available are subminiature units 
for printed, transistorized, and minia- 
turized circuit applications. All models 
meet standard voltage, life, pull, tem- 
perature, immersion, and moisture re- 
sistance tests—Telex, St. Paul, Minn. 
Circle No. GO on reply card 


TWO-PHASE SUPPLY 


Designed for the development and 
testing of servos, servomotors, two- 
phase gyro motors, torquers, and other 
400-cycle components, this new two- 
phase power supply has a conserva- 
tively rated power output of over 500 
va. All outputs are continuously vari- 
able; of these, two in-phase allow sepa- 
rate excitation of pickoffs, tachom- 
eters, or motor reference phases when 
the instrument is used for system de- 
velopment. All input and output lines 
are fused individually—the output lines 
with indicating fuse posts. An input 
switch, on the back of the instrument, 
makes possible the use of either 115- 
or 200-volt line-to-line supply voltage. 
—Pacific Technical Co., Los Angeles, 
Calif. 
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SIMPLIFIES VALVING 


The new ISO-FLO hydraulic pump 
shown above is essentially a radial pis- 
ton pump (7 or 14 pistons) with the 
discharge manifold so modified as to 
isolate the power output of one or 
more pistons from the output of the 
others. Thus, two or more inde- 





for Easy Accurate Reading... 


MOELLER THERMOMETERS 


RECORDING THERMOMETERS 


Mercury Actuated, made in round or rectangular 
cases. Charts 10" or 12", I-hour, 12-hour, 24-hour or 
7-day. Ranges from minus 40° to plus 1000°F. or its 
equivalent in Centigrade. Made in remote reading, 
direct reading, portable and self-contained styles. 
Plain stems, union connection stems, and separable 
sockets in all stem lengths and alloys. 








MOELLER BIMET THERMOMETERS 


Are actuated by a powerful, specially processed bi- 
metal helix. Made ‘with 3" and 4!/,"" diameter dials. 
Stainless stems, can be furnished with union connec- 
tion or separable sockets. Scale ranges from minus 
100° to plus 1000°F. 





DIAL INDICATING THERMOMETERS 


Mercury Actuated, made in 4!/,"", 6" and 81/2" sizes 
with flexible extension jubing. Adjustable rigid stems, 
single or two pointers, with or without electrical con- 
tacts, plain bulb, union connection bulb or separable 
sockets in all lengths and alloys. Scale ranges from 
minus 40° to plus 1000°F. or its equivalent in Centi- 
grade. 





=* 


MOELLER INDUSTRIAL THERMOMETERS 


‘ 
Wate on ee | 


Made in all forms — Straight, Angle, Right Side 
Angle, Left Side Angle, Reclined and Inclined Angles, 
in scale ranges from minus!20° to plus 1125°F. or its 
equivalent in Centigrade. Available in 5", 7", 9" 
and 12" scale sizes with plain stems, union connection 
stems and separable sockets in all stem lengths and 
alloys. 
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MOELLER INSTRUMENT COMPANY 


SINCE 1867 


RICHMOND HILt 18, NEW YORK CITY 
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NEW PRODUCTS 


more points per dollar 


Expanded 
scale readings 
... increased 
sensitivity 
Inclined manometers 
expanded scales, greater 
sensitivity and greater 
readable accuracy to any 
measurement application. 
Note the comparison of 
scale lengths for vertical 
and inclined manometers of 
equivalent ranges. It dem- 
onstrates just one phase of 
the versatility you have 
when you know and use 
manometer instrumentation. 


give 


ts 3 ROO! . 


With manometers, the same budget will 

cover more points of measurement 

on your flow chart .. . AND at each point, 

you will get more accuracy, more readability, 
more dependability. 

Where else can you find the lowest cost instrument 
with the highest accuracy rating? 

—or a rugged industrial instrument which 
inherently possesses test laboratory accuracy 
and elegance? 

—and whose performance is right out in the open 
. . . literally verified before your eyes? 

Dollar conscious all the way, a manometer costs 
next to nothing to maintain and absolutely 
nothing to operate. 


Bulletin G-14, 

an informative guide to manometers, 

is yours for the asking. 

The Meriam Instrument Co., 

10920 Madison Avenue, Cleveland 2, Ohio. 


Sl 


MERIAM MANOMETERS 
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pendent flow rates are obtained by the 
use of only one pump and motor, and 
wide variations between the flow 
rates are easily accomplished. By 
adapting separate relief or pressure 
control valves to the several flows, a 
single pump can handle up to 10,000 
psi and a variety of hydraulic opera- 
tions without complex valving.—Sim- 
plex Engineering Co., Zanesville, O. 
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LOOKS LIKE DRY CELL 


This new constant-voltage reference 
supply, Model CVR-10, designed to 
take the place of No. 6 dry cells in 
instruments and controls, provides an 
output of 1.5 vde at 6 ma with 0.25- 
percent stability over input variations 
of 108 to 125 volts. It resembles a 
No. 6 dry cell in every respect, in- 
cluding knurled positive and negative 
terminals. ‘Two 30-in. leads, with lugs, 
provide for quick connection to the 
115-volt line terminals. A lugged 
20-in. lead connects to the ground. 
No modifications or special tools are 
needed for the installation.—Perform- 
ance Measurements Co., Detroit, 
Mich. 
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ROTATES EITHER WAY 

A new precision bidirectional stepping 
motor that translates pulses to incre- 
mental shaft positions is now available 
for rotating potentiometers, counters, 
rotary switches, and control mechan- 
isms. This new motor features a spe- 
cial magnetic clutch, rather than ratch- 
ets, to index the shaft. Clutch and 
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Spec. 
1.126798! 32 
(Sig. C.) 


Outline Specifications 
Type Military CTP CTP CTP 
ype 2N297. 1117 2N257 2N268 1109 1111 Units 
EXPANDED LINE OF POWER TRANSISTORS anew oye 


Collector-to-base —60 —40 


FOR AUDIO OUTPUT, POWER SUPPLY vatge abst 
AND SWITCHING APPLICATIONS — 


Ses Power Transistors, available in production quantities, ne 8 8 8 8 8 8 °C 
@ HIGH POWER RATINGS ¢@ LOW THERMAL RESISTANCE Suse tas 

® HIGH POWER GAIN @ RUGGED WELDED PACKAGE a 2 30 2 42 25 25 Watts 
@ LOW DISTORTION @ HERMETIC SEAL sink @ 25°C) 

Check the outline specifications for the type of performance . Total 

you get from Clevite Power Transistors. Powe: Bissipation 

For on-the-job help with specific application problems, our = pala 15 18 #15 15 15 15 Watts 
engineers are available for consultation. @ 25°C) 

Data sheets B-211, B-214 and B-216 provide all the facts on 
Clevite Power Transistors. Write for your copies. 


— 40 80 —20 —80 Volts 


Typical Power Gain d 335 330 gre 308 26 db 
Frequency Cutoff 5 6 7 6 6 4 Ke/s 


a Large — D.C. Current Gain = 12 to 40 at Ic = 2.0 amps 
6 Vcc 4V; Ic = 750ma; R. = 171: (choke coxpled); R, = 1012 
CLEVITE ¢ Vec 14V; Ic — 420ma; R. 30:: (choke coupled); R, = 10:7 
d Vcc 7V; tc = 420ma; R, = 15:2 (choke coupled); R, = 101 
241 Crescent St., Waltham 54, Mass. TWinbrook 4-9330 


eon 02008 


Brush Cleveland Graphite Clevite Harris Clevite Ltd Onn 
Electronics Co. Bronze Co. Products Inc Research Center 








A Division of Clevite Corporation 


German Semiconductor Plant: Intermetall G.m.b.H.-Dusseldorf. 
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P&B PROGRESS 


A REVOLUTIONARY, NEW HIGH 


-NOW!A latch relay that 
“withstands 100, shock, 


51 @ mvalle) ¢-pke) eminem] 0101063 e)-5 


ONLY 2.0 WATTS AT NOMINAL VOLTAGE FOR 12 MILLISECONDS 
EFFECTS ARMATURE TRANSFER 


The secret of the KG’s dramatically 
high resistance to shock and vibration 
is a permanent magnet which locks 
the armature into position. 

Tests show the contacts will open 
for no more than 80 microseconds 
during 100g shock. 


Armature transfer from one set of 
the 6PDT contacts to another can be 
madein approximately 12 milliseconds 
with only 2.0 watts at nominal volt- 
age. 

Write or wire today for complete 
technical data. 

*KG Relay Patent Pending 


STAR SERIES KG RELAY ENGINEERING RESUME 
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DESIGNATION: KG23DBH 

GENERAL: Insulating Materials: Teflon, 
glass and ceramic. 
Insulation Resistance: 100 megohms 
min, 
Breakdown Voltage: 500 V. RMS. 
Shock: 100g where contact openings less 
than 80 microseconds may be permitted. 
Vibration: 30g 5 to 2000 cycles. 
Ambient Temperature: —65°C to 
+125°C. 


Weight: 13 ozs. 
Pull-in-Speed: 12 MS using 310 ohm coil 
at 24 V. DC. (25°C). 
Terminals: Two 11 pin multiple solder 
headers with hook ends for 3.20/AWG 
wires. 
Enclosures: Hermetically sealed only. 
Dimensions: 1-1 1/32 x 3.700 x.1-13/16 
(See drawing for width, etc.) 
CONTACTS: Arrangements: 6 pole double 
throw. 
Load: Dry circuit to 3 amps, 115 V. AC, 
resistive. 5 amps, 28 V. DC, resistive. 
COIL: Power: 2.0 watts at Nominal Voltage. 
Duty: Either coil may be left energized 
without damage to the relay. 
Insulation: Teflon tape. 
MOUNTINGS: Four % inch #8-32 studs on 
3% x % inch centers. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC, 
ELECTRICAL AND REFRIGERATION DISTRIBUTORS 


Potter & Buundield, ine. 


PRINCETON, INDIANA Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 
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NEW PRODUCTS 


detent mechanism are mounted be- 
tween two Ledex rotary solenoids 
whose armature plates face each other. 
The clutch rotates with one or the 
other of the energized armatures to 
which it has been magnetically at- 
tracted, causing shaft rotation. De- 
energizing the solenoid returns the 
armature to its original position, while 
the clutch and shaft are held in their 
new position by the detent action. 
Life expectancy is claimed to be 2 
million steps in either direction; angu- 
lar increment per pulse in either di- 
rection is 36 deg at a maximum puls- 
ing rate of 15 per sec. Temperature 
range is minus 55 deg C to 120 deg C 
—G. H. Leland, Inc., Dayton, O. 
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FINAL CONTROL 
ELEMENTS 


LOW TIME CONSTANT 


Here is a new integrated electro- 
hydraulic servovalve-actuator combina- 
tion that requires no electrical feed- 
back or electronic amplifiers to accu- 
rately position the output member. 
An extremely low time constant and 
essentially infinite resolution are in- 
herent in this mechanical feedback 
system. The high performance of the 
servo system permits full actuator 
stroke with electrical error input as low 
as 0.06 watts. Extremely compact, 
the unit uses a basic dry-coil torque- 
motor servovalve, and operates at pres- 
sures from 300 to 3,000 psi with jet 
fuel, MIL 5606 hydraulic fluid, and 
other similar liquids.—Hydraulic Re- 
search & Mfg. Co., Burbank, Calif. 
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Now there’s no need to weigh feature 
against feature when it comes to vacuum tube 
voltmeters — the new Du Mont 405 has everything! 


The 405 is the first VTVM to combine 100 millivolt 
full scale sensitivity, either AC or DC, with 

dual and differential inputs. Besides, it features 
DC performance from 2 millivolts to 1000 volts 
with 120 megohm input. It doesn’t stop there, for 
it also offers highly accurate AC performance 
from below 50 cys up into the UHF range. As an 
ohmmeter, the Type 405 is calibrated from 

0 to 500 megohms, in eight ranges. 


Another in the outstanding Du Mont 400 Series, 
the 405 is “human engineered” for ease and 
convenience of operation, reliability, and 
precision. Its rugged construction is backed by 
the exclusive Du Mont 5-year guarantee offered 
with all instruments of the 400 Series. 


Price PAGO HP° 


Slightly higher in 50-cycle areas. 


Unité yor. complete. Aztaibe. 


oU MONT 


TYPE (| VIWM 


FEATURING 


e ACCURACY: 2%. 

e SCALE: Illuminated 4” mirror-backed scale for accurate 
readings. 

e STABILITY: Very low drift. Less than + 3 millivolts 
on any range. 

@ VERSATILITY: Designed for s 
to 1000 volts DC 

e REGULATED: Regulated DC and filament supply. 

e AMPLIFIER OUTPUT: Amplifier output available with power 
gain over 60 db. 

e SIZE: Compact, weighs only 12 pounds. 

e PROBE STORAGE: Built-in probe storage compartment. 


afe off-ground operation up 


One of, the A) Beier 


Technical Sales Department, ALLEN B. DU MONT LABORATORIES, INC., Clifton, N. J.. 
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SAVE | | NEW PRODUCTS 
WEIGHT, 
SPACE 


and 
COST 


RVG-17XS valve for steam service, obtains its 
1 1/16” diameter pilot operating medium directly from 
ca sa sign eliminates clogged orifices, sticky 
0 en iome er a valves, and diaphragm rupture, and 
— simplifies maintenance.—Fisher Goy 
shaft rotation angle. Functions produced 2 5/16” diameter 
to an inherent accuracy and 
puting, analyzing, nav- 
igational and control 


the inlet. This is a desirable featurc 
in applications where operating medi 
a ernor Co., Marshalltown, Iowa 
A specially designed oblong resistance “4 Circle No. GG on reply card 
smoothness unobtainable by 
other resistive methods. Can re-/ 
systems. 
Send for technical data! 


l'ype 92B, an improved version of 
Si 7 | / time-tested pilot-operated reducing 
e.6.h6©° 
recdsion ums such as air or gas are not available 
or where use of such mediums is not 
practical. Maker claims the new dc 
element rotating under 4 wipers gener- 
ates precision sine and cosine voltages, 
proportional to the sine or cosine of the RL-11C* 
place eccentric gears, 
cams and complicated 
mechanisms in com- 
Functional detail, dimen- 
sions and _ specifications 
will help you apply. 





Sketch of Gamewell Sine-Cosine 


Precision Potentiometer Design a a. tans? ee 
o * - 


ty W, 3/8” diameter [Wo new precision-built, Vari-Speed 
y | * ; ; Motodrives, sizes 200 to 300, are avail- 
& ji iv - *Described in full in Radiation a ; ither “C-flow “7” flow 
| ] - e Laboratory Handbook, Vol. 17. abie in either 4 OW OFT , “how 

8 


styles (latter shown). The units are 


| | | THE GAMEWELL COMPANY specially suited for 1-to-5-hp applica 
hk 














Newton Upper Falls 64, Mass. tions and incorporate the following 
improvements: new disc assemblies for 

| wider output speed ranges, “‘close- 

® grooving” lubrication for easier disc 

GAME WELL | motion, and a new lubricating system 

Can be used as a | brush device, for the motor and variable shaft bear- 
2 brush (sine) and 2 brush (cosine) ings. Complete line now covers } to 


device, or in combinations — to BTN ei ha  atd EL, 40 hp.—Reeves Pulley Co., Columbus, 
produce various sinusoidal variations. 


Ind. 
E-F = V,,, A-C & B-D = V.. oa Circle No. G7 on reply card 
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Ys wat second action 
-»small flow control 


Gf 6,000 psi 


New achievement by Annin in 
high pressure control and precise 
valve response for Research — 
Development — Process applications 


Annin’s new Model 9460, designed for working pressures 
to 6,000 psi, provides research, pilot plant and process 
control engineers with an extremely responsive small flow 
control valve suitable for low capacity systems. The 
operator will fully stroke in either direction in 0.75 seconds 
or less. New design features include: integral 
positioner, open-on-air-failure or close-on-air-failure 
action; Annin’s 600 Series Domotor operator; 
differential area piston, eliminating need for loading 
regulator x; universal stuffing box for —400°F to 
750°F; offset globe or angle body design; 6) valve plug 
stem and seat ring common to both globe and angle 
bodies. For reliable fluid control and flexibility 
of application Annin offers the best source 

Annin 


for solving any small flow control problem. 
-—Te 


YOURS FOR THE ASKING — 


Complete information and specifications 
are contained in Bulletin No. 9400. 
Write for your copy today. 


ANNIN 








Model 9461 angle body 


Angle bodies are available 
with body sections rotatable 
in 90°increments for piping 
convenience. 


7 


THE ANNIN COMPANY 


DIVISION OF THE ANNIN CORPORATION 
6570 Telegraph Road, Los Angeles 22, California 


VALVES 
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Continued from page 24 


Another L&N solution to the area regulating problem 


FP&L’s H. W. Page and O. H. Bridges discuss new control center layout. 


and, in 1951, Page predicted** a 
type of computer which closely 
matches the one now being built for 
his system. For example, he foresaw 
today’s function generator which 
enables the computer to digest — 
and remember—the cost character- 
istics of each unit. The prediction 
went so far as to visualize the physi- 
cal outline of some of the major 
computer-control components. 


Building Block Approach 

As a result, FP&L’s planned ap- 
proach to computer-control included 
installation of its present Area Con- 
trol in 1955. It was a nicely planned 
move, for the control arrangement 
was well suited to future require- 
ments—including the integration of 
an analog computer. 


All Major Generating Sources 

Now Under Control 

With its present Area Control, 
FP&L has all eight major plants— 
plus four ties with the Intercon- 
nected System — under automatic 
control. The control has sufficient 
flexibility not only to make lowest 
cost of generation possible, but also 
to permit automatic operation dur- 
ing the morning pick up as well as 
during periods of adverse condi- 
tions when it may be necessary to 
depart from economic loading to 
meet customer load demand. 


Adequate Feedback 
A big reason for success of the con- 


**F'rom a talk delivered to the South- 
eastern Electric Exchange, March 29, 
1951. “Loading of Power Plants for 
Maximum System Economy.” 
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trol is the positive feedback of all 
significant control intelligence, in- 
cluding unit and station response to 
control signals. With regulating 
units moving in unison along their 
respective incremental cost curves, 
“hunting” among units and stations 
is eliminated—and with it, the un- 
necessary generation changes (in- 
cluding resultant dollar loss) which 
could occur if units were to respond 
to anything other than the basic 
(area) requirement. 


The Operating Man: 
Guide to Lower Costs 


In light of the work now in progress 
in Miami and other control centers 
around the country, we of Leeds & 
Northrup want to suggest that the 
operating engineers on your own 
system are your best guide to more 
economical, more reliable control. 
We find that when they review all 
the facts, they specify control by 
control specialists. 

Let us send you the facts on 
some 40 typical Area Control instal- 
lations as described by the utility 
company engineers who operate 
them. Just write to Leeds & North- 
rup Company, 49/8 Stenton Avenue, 
Philadelphia 44, Pa. 





NEW PRODUCTS 


NEW VALVE OPERATOR 


Here is a_ self-contained electro- 
hydraulic valve actuator that will op- 
erate equally well on signals supplied 
by commercially available controllers, 
remote positioning devices, or directly 
from the measuring element. It is de- 
signed for valves with from 4-to-14-in. 
full stroke and requiring less than 200 
Ib thrust, and comes with standard 
signal ranges of from 1 to 5, or from 
4 to 8 ma de. An internal rectifier is 
supplied for ac signals.—Askania Regu 
lator Co., Chicago, III. 


Circle No. G68 on reply card 


TEFLON-SEALED 


Four design changes have resulted in 
an all-Teflon sealed cylinder with uni- 
versal resistance to fluids. Pressure 
ratings on existing lines can be boosted 
up and an entirely new line of 
medium-to-high pressure cylinders can 
be introduced. The design changes 
making this possible include: a tube 
end seal of Teflon plastic, a rod bush- 
ing of the same material replacing con- 
ventional “0’’-rings, a radically new 
cushion adjusting screw, and a re- 
designed ball check.—Miller Fluid 
Power Div. of Flick-Reedy Corp., Mel- 
rose Park, Ill. 

Circle No. 69 on reply card 





Associate Engineer Donald A. Patterson dem- : ‘ Field Engineering Instructor Joseph Rechloft 
onstrates a problem in pluggable unit layout. explains basic display console functions at 
IBM, Kingston, N. Y. 


You'll find a 
new challenge Associate Engineer Robert M. Blake points out 


a feature of an advanced magnetic tape circuit 


DEVELOPING development 


the world's 
largest 


computers 


at 
Kingston 


The design and development 
of SAGE (Semi-Automatic Ground ‘ Staff Engineer Michael S. Zucker and associ- 
Environment) computers, part ates plan electronic digital computer systems. 
of our nation’s radar defense system, 
offer stimulating new challenges to 
creative engineers at IBM Kingston. 


Projects currently in process include: 
Digital and analog systems. . . 
advanced circuitry . . . electronic 
packaging . . . communications 
engineering . . . simulation studies . . . 
air traffic control . . . automation. 


If you are an electrical or Computer Student Stanley 3. Ostrowski studies FOR DETAILS, 
mechanical engineer, a mathematician wave forms in the IBM Computer Engineering just write, outlining background 
a School laboratory. bata . 
or a physicist — and want to do iat rial and interests, to: 
: Mr. R. A. Whitehorne, Dept. '2609 
development work—you owe it 


: g tl Mgr. of Engineering Recruitment 
to yourself to investigate the exciting International Business Machines Corp. 


possibilities that SAGE computers 590 Madison Avenue, New York 22, N. Y. 
offer you at IBM Kingston. 





DATA PROCESSING 
MILITARY | Sono 
P R ODU CT Ss al NGINEERWNG PRODUCTS 


TIME EQUIPMENT 








Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie, N. Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Collf. 


SEPTEMBER 1957 275 








Take a number 
from one to one hundred! 


BJ Electronics’ new 


S-100 DIGITAL DATA PROCESSING SYSTEM 


samples 1 to 100 Transducers 
at rates up to 100 per second. 


Precise, instant measurement of the 
variables of pressure, temperature 
and other inputs are provided to S-100 
by as many as 100 miniature Vibroton 
Digital Transducers. Analog-to-digi- 
tal conversion inaccuracies are elimi- 
nated by these vibrating-wire sensing 
devices. Measurement is signaled in 
terms of frequency, delivering direct- 
digital information sequentially or on 
demand to S-100 at sampling rates 
up to 100 per second. 


This information is processed against 
programmed storage register data 
and routed through format control 
to system outputs for tabulations, 
visual readout, punched cards, tape 
or other output media. Output pro- 


NEW PRODUCTS 





PRESSURES TO 3,000 PSI 

A new series of high performance 
shutoff valves, tor air and ground ap- 
plications that require reliable, bubble- 
tight flow control of extremely low- 
temperature (minus 320 deg I) and 
high-pressure (3,000 psi) media, han- 
dle helium, oxygen, nitrogen, and ai 
in either the gaseous or liquid states. 


A floating ball-seat valve arrangement 
assures long, trouble-free life. <A 
smooth, unobstructed flow path re- 
sults in minimum pressure drop at all 
rates of flow. Current is automatically 
shut off at the end of each valve cycle. 
In either the open or closed position, 
the valve is locked in place by a 
Geneva-lock mechanism. — Hydroma 
tics, Inc., Cedar Grove, N. J. 


Circle No. 7Q on reply card 


visions for process monitoring and 
control may also be incorporated. 


See $-100 in action! 
ISA SHOW 

Cleveland, Ohio 
September 9-17, 1957 
Booth No. 118 


®) 


S-100 System Vibroton. Digital Transducer 


Write for Technical Bulletin 58-112 


Qualified engineers are assured interesting, rewarding 
careers at this new Borg-Warner electronic facility. 
Inquire today of O. C. Bowers, Chief Engineer. 


I 
ELECTRONICS 


Reliability you can count upon| NEW AIR MOTOR 

=e The Model 6 AM air motor for origi- 
nal equipment or plant use in the 
4-to-2-hp range features reversible 
rotation for machine-tool positioning, 
powering screw jacks, and similar ap- 





BORG-WARNER CORPORATION 
3300 NEWPORT BLVD. «+ P.O. BOX 1679 +* SANTA ANA, CALIF. 
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WHY IT PAYS 


Portion of Eclipse-Pioneer’s synchro calibration and test facility. 


TO SHOP AT THE BENDIX “SUPERMARKET” 


— NATION’S LARGEST PRODUCER OF SYNCHROS 





SHAFT POSITION-TO-DIGITAL CONVERTERS 


Eclipse-Pioneer Coded Commutator type shaft position-to- 
digital converters are miniature devices for converting 
Analog information to Binary Digital form. Designed for 
processing equipment, 
telemetering applications, or computers. Especially suited 


Digital 


control 


systems, data 


to air-borne use. 


Specifications: 





Type output 


Shaft resolution 
Current rating 


| Shaft speed 


Input torque 7 
Diameter of unit 








Model GS-1-Al 
8 digit groy (Reflected 
Binary Code) 
pe 1 part in 256 
.015 amps. (max.) per digit 
with non-inductive loading 


Max. continuous input of 
150 revs. per minute 
0.2 ounce-inch (mox.) 

15/16 inch 


Model GS-2-Al 
7 digit Natural Binary 
Code (double brush) 


1 port in 128 
.015 amps. (mox.) per digit 
with non-inductive loading | 


Max. continuous input of 
150 revs. per minute 


0.4 ounce-inch (mox.) _| 
15/16 inch 








Teterboro, N. J. 


In buying precision synchros, 
doesn’t it make a lot of sense 
to insist on getting exactly 
what you want, when you want 
it—and at minimum cost? 

Best way to be sure you get 
all three is to depend on the 
Bendix “‘Supermarket’’. 

Our mass synchro production facilities . . . the nation’s largest 

are constantly turning out just about all types of synchros 
imaginable. This means we can offer you immediate delivery of 
most synchro types—and minimum cost on all synchro types, 
even for small quantity orders. 

You can depend on the quality of Bendix synchros, too. They 
will equal . . . or exceed . . . the accuracy of any other synchros 
made today. Sound reasons why you'll be ahead to rely on the 
experience and mass-production facilities of Bendix 


District Offices: Burbonk, Calif., Dayton, Ohio, Seattle, Wash 
Export Sales and Service: Bendix international Division, 205 E. 42nd St., New York 17, N. Y. 


Eclipse-Pioneer Division Condix” 


AVIATION 
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NEW PRODUCTS 


new GUARDIAN 


: i" ie 


’ 


| 


be inserted in the air supply line for 

that add new “lift’’ tor Po d 
Units weigh about 17 Ib, are explo- 
ME A MP — al of 30 to 90 psi.—Gast Mfg. Co., Ben- 


S ©] le n | i ds . ; | plications. Any four-way operating 

instantly reversible motor control. 

to your product! (4 sion-proof, and vary in speed from 
ton Harbor, Mich. 


valve for pressures below 100 psi may 
with POWER and a Stroke 
Motor ports fit standard #-in. pipe. 
/y \/ = ___ | _ 300 to 2,000 rpm on air-line pressures 
Circle No. 7, on reply card 





Preferred where moisture conditions 
prevail. Coil winding, completely en- 
capsulated in PERMASEAL ther- 
mosetting epoxy, resists water, 
humidity, oils, salt air, acid and 
alkaline solutions, ether, alcohol, 
hydraulics and other fluids. High 
dielectric strength, resistance to 
abrasion and thermal or mechanical 
shock enable it to operate at top 
efficiency. 


This new special version of Guardian’s 


standard No. 2 Solenoid provides extra 
power and longer life yet utilizes the 
same space. Available in A.C. or D.C., 
for intermittent or continuous duty. 
Stroke adjustable from '%" to 34”—lift 
more than 60 oz. Unit has surpassed 
15 million continuous operations at 
peak operating efficiency. a 


Tiny but powerful, this new Guardian 
Midget Solenoid packs a decisive 
punch. Strokes range from !%" to >” 














MIDGET 
No. 22 


and it lifts over 24 oz. Size 34” x 34” x 
1%” is ideal when space is at a pre- 
mium. Available in D.C. only, for 
intermittent or continuous duty ap- 
plications. 


WELL BALANCED 


A new series of two-stage electro- 
hydraulic flow-control valves repre- 
sents a marked departure from previ- 


ous designs. The valves use a 
closed-loop hydraulic control circuit 


Select Your Solenoids from GUARDIAN’S COMPLETE LINE | ‘ Postion te output, stage, and are 


p d for $ hae Daal ' of a balanced push-pull construction. 
+. Prove or superior Ferrormance! 


No springs are used. The valves “— 
Many Guardian solenoids are available with Guardian a minimum of moving parts and < 
PERMASEAL encapsulated coils. Most standard large capacity filter to protect the con- 
units are sufficiently flexible in design to meet “‘spe- trol stage, and are of the “dry-coil” 
cial” requirements and thereby eliminate costly pre- design. “Accompany ing schematic indi- 
tooling. Adjustable strokes up to 2 inches; pull or lift 
up to 20 pounds. All D.C. units available for 400 
cycle operation. Write for Bulletin SOL-8. 





cates the internal arrangement and 

the electromechanical transducer.— 

Cadillac Gage Co., Detroit, Mich. 
Circle No. 72 on reply card 
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@eeeeeeeseceeseeeseeessoesesoeosesseseeeseeeeeeeeeee 


Large selections of GUARDIAN STEPPERS e— 
oe eis aan Get Guardian’s free Bulletin P-84. 
carried in stock by fran- Gives complete operating data on & 
gp i a es ROT a ag ag cost automatic temperature control 
». an anada. rite ’ oming, pulsing, elec- pe mo : ; 7 
for name of nearby dis- __ trical reset, slave and master sets, con- J for w conditioning eomnapre —— 
tributor and Bull.SD-11. —_ tinuous rotation, add/ subtract. include durable construction, gooc 
quiet operation, long life, and low 
cost. All connections are 4 in. NPT. 
1623-K W. WALNUT STREET CHICAGO , ILLINOIS wey 
‘Everything Under Control’”’ Circle No. 73 on reply card 


RUGGED CONSTRUCTION 


A new line of 3-way solenoid valves, 
Series 500, is designed to provide low- 


corrosion resistance, low pressure drop, 
G U R DI E LE CT IC Jackes-Evans Mfg. Co., St. Louis, 
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Don't Worry 


about a thing! 


The New Sensitive Research 





CONTACT METER 
will control it AUTOMATICALLY 





to an accuracy of .25%. 


a 
CONTACT MAKING PANEL INSTRUMENTS 


for the Automatic Inspection or Control 
Between Electrical Minimum & Maximum Limits. 


Sensitive Research Contact Making Edgewise Panel Instru- 
ments provide the means for the electrical sensing of 
“preset” values of Voltage, Current, Watts, Micromhos and 
any other quantity that can be indicated electrically. More 
than just Contact Making Instruments, they are Reference 
Standards, modified with either upper or lower contacts or 
both, and furnished with either one or two relay systems. 
Sensitive Research Contact Meters have Stability, Long 
Life and Traditional Dependability, which means you 


‘DON’T HAVE TO WORRY ABOUT A THING.’ 


Represented by the Heiman Co. in Minn., Iowa, N. & S. Dakota. 


Available for AC, DC or both. 

Accuracies to .25%. 

Automatic or manual resets. 

7" or 5" hand drawn mirrored scales, 

Contact resolution to .1%. 

Contacts continually variable over 
90% of the instruments scale. 

Ultra high sensitivities. 


WRITE DEP’T K FOR 
ADDITIONAL INFORMATION, 


SENSITIVE RESEARCH INSTRUMENT CORPORATION 


NEW ROCHELLE, N. Y. 


ELECTRICAL INSTRUMENTS OF PRECISION SINCE 1927 
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for extremely 
reliable ground and 
airborne equipment 


This is the first complete line of transistorized systems 
components offering hermetically sealed silicon semi- 
conductors and components. 

Check these features: 

@ Operate reliably in ambient temperature range of —40°C 
to + 100°C. 

@ Smaller, more compact (mounted on 2-7/8” x 2-9/16” 
x 1/16”-thick epoxyglass); still incorporating more com- 
ponents. 

© Power supply requirements +20 Volts. 

@ Plug into any standard 12-contact etched-circuit 
connector. 

@ All plug-in contacts rhodium-plated for long life and 
trouble-free service. 

@ Complete supply of compatible systems hardware. 

CIRCUITS: The complete line of EECO Silicon Transistor 

Plug-in circuits includes: 

FLIP-FLOPS 

ONE SHOTS 

NEON DRIVERS 
RESET GENERATORS 
DIODE LOGICS 


EMITTER FOLLOWERS 
SQUARING CIRCUITS 
LINEAR AMPLIFIERS 
BLOCKING OSCILLATORS 
and many others. 


Waemett oee Hieice: 


NEW CIRCUITS include High-Speed Flip-Flops, 
Oscillators, etc., in both Computer-Series 
and Standard-Series Plug-ins... plus other 
systems building blocks: D-C Chopper Stabi- 
lized Amplifiers, Power Supplies and Com- 
patible Accessories, Systems Development 
Racks, Systems Components. Detailed infor- 
mation available in Catalog No. 856-A. 


He 


-40°C 
to 
+100°C 


NEW EECO 
RUGGEDIZED 
STANDARD-SERIES 
PLUG-INS 


The full line of tested and proven 
circuits available in EECO’s Stand- 
ard-Series Plug-ins has been rug- 
gedized for even greater reliability 
and more efficient performance. 
Each unit now incorporates the 
IERC Shield to: 
@ Protect tube from vibration and 
shock. 
®@ Dissipate heat more effectively. 
Ensure longer tube life with 
cooler, more efficient operation. 
@ Provide even greater electrical 
shielding. 
New mechanical construction and 
design assures full protection to 
sritical components against stress 
or tension. 
All ruggedized units are compatible 
with EECO Standard-Series hard- 
ware and EECO Systems Develop- 
ment Racks 


AVAILABLE SOON: New EECO Germanium 
Transistor Plug-ins. These EECO units wil! 
comprise a complete line of transistorized 
systems components, including a full com- 
plement of circuits (One Shots, Flip-Flops, 
Linear Amplifiers, Pulse Amplifiers, ‘‘And’’ 
Gates, Or" Gates, and many others) as 
well as compatible systems hardware. 


CONTROL 


ENGINEERED ELECTRONICS COMPANY 


Electron Engineer Company. of California 
506 EAST FIRST STREET SANTA ANA, CALIFORNIA 
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| NEW PRODUCTS 


SHOCK-FREE CONTROL 


The 1701 Series hydraulic control 
valves are said to provide smooth and 
positive directional control in hydrau- 
lic pressure systems. In operation, a 
cylindrical screw-type slide plunger is 
actuated through a 28-vde motor- 
driven two-stage gear train. Basic de- 
sign provides two-way control with 
4-in. slide travel. One-piece body 
eliminates leaks.—Lyndon Aircraft, 
Inc., Newark, N. J. 
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COMPONENT 


BUFFER STORAGE 


This new Type 1092-BQ-8 Buffer 
Storage Unit, featuring coincident 
current and magnetic core, can serve 
as a temporary store, buffer, or delay 
unit in data processing, computing, 
and automation systems. Each of the 
1,092 characters has a capacity of eight 
binary digits in length. Unit is com- 





Baldwin 


Foil gages shown cbove cre enlarged to twice their actual size, 


NEW SR-4° strain indicator and 
NEW SR-4 bonded foil strain gages 


Type N SR-4 Strain Indicator 


This new, improved strain indicator features printed circuits 
and transistors, weighs one-third less than the previous model 
and has a smaller case. No warmup is required. In inter- 
mittent service its batteries last up to five times as long and 
cost two-thirds less. The legs of the case are positioned to 
permit tilting for improved readability. For direct readings 
with full external bridge, no calibration correction is required. 
Used as a preamplifier with standard cathode ray oscilloscope, 
it gives visual indication of dynamic strain with better response 
and in a broader range than the previous model. Frequencies 
up to 300 cps at amplitudes up to 3500 microinches per in. 
can be observed without appreciable distortion. 


SR-4 Bonded Foil Strain Gages 


Two new types of foil gage in % in. gage length, 120 ohms 
resistance, now make many types of stress analysis possible 
with new accuracy and ease. A Bakelite-bonded gage, Type 


FAB-2, and a quick-drying paper-and-cement-bonded gage, 
Type FAP-2, have marked advantages over comparable 
standard bonded wire strain gages. Hysteresis is now so low 
as to be negligible for stress analysis. Fatigue life of the paper 
gage matches that of comparable wire gages—that of the 
Bakelite gage is longer. Lateral strain sensitivity of both is 
down by one-half, offering new accuracy in measuring biaxial 
strains. The quick-drying paper gage is quick and easy to 
install. The Bakelite gage offers such attractive features as 
dependable service at 300°F or higher. It is thinner and more 
flexible than comparable bonded wire gages—requires no 
preforming for curved surfaces and is thus easier to apply. Its 
glass fiber filler makes it less sensitive to moisture effects. 


Both new foil gages have tinned lead wires, well anchored 
and easy to connect. Both gages are now stock items for 
prompt delivery. For more information on this or other 
Baldwin stress analysis equipment, write to Electronics & 
Instrumentation Division of B-L-H, Waltham, Mass. Or we 
will have a representative call on you at your request. 


BALDWIN :- LIMA: HAMILTON 


Blectronics & Instrumentation Division 


Waltham, Mass. 


SR-4® strain gages * Transducers * Testing machines 





PHALO 


had the Answer 


AccuRay® Equipment shown controlling Strip Thickness of Cold Rolled Steel 


to (lccufeag Cable Demands 


Industrial Nucleonics have made process control systems cable talk 
wherever businessmen meet. 


AccuRay® applications like that shown here are doing rugged work 
in many diverse installations. Phalo cables provided the answer 
to exacting demands in the interconnection of components of the 
AccuRay System, as in source detector units to electronic consoles 
and remote stations. 


The AccuRay System really gives cable a test . . 


. only the finest 
quality stands the pace. 


Call on Phalo with confidence for Instrumentation and* Control 
Interconnection cables. Power Supply Cords, Shielded Custom 
Molded Plugs and Connectors and Shielded Wire. 


Ask For The 
New PHALO Catalog 
just published 


*Registered trademark of 
Industrial Nucleonics Corporation 


PLASTICS CORPORATION 
on 25-8 Foster Street 
WORCESTER, MASSACHUSETTS 
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pletely transistorized.—Telemeter Mag- 
netics, Inc., Los Angeles, Calif. 


Circle No. 75 on reply card 


HOT SYNCHROS 


The size 10 synchro transmitter shown 
above was developed for direct turbo- 
jet-engine mounting and has passed 
tests at 450 deg F for 100 hours and 
at 350 deg F for 1,000 hours. High 
accuracies were maintained through- 
out these tests. The units are housed 
in stainless steel and are available as 
transmitters, transformers, differen- 
tials, and resolvers.—Clifton Precision 
Products Co., Inc., Upper Darby, Pa. 


Circle No. 7G on reply card 


CHOPPER STABILIZED 


Specifically designed for use as a pre- 
amplifier in meter-movement  re- 
corders, this new de amplifier features 
chopper stabilization and sells for 
$120. A 10-mv input produces a 
1.5-volt output across a 1,500-ohm 
load. Linearity and zero drift are 
within 1 percent; accuracy is within 
2 percent from de to 2 cps. Unit 
consumes 14 watts operating on a 115- 
volt, 60-cps supply. Primary applica- 
tion is lab amplification of thermo- 
couple, strain-gage, thermistor, and 
photo-cell outputs but it can also per- 
form control and metering jobs.— 
Mandrel Industries, Inc., Houston, 
Tex. 

Circle No. 77 on reply card 














Skinner Solenoid Valves are easier to maintain 


and service because of their simplified design 


The man shown above is cleaning a Skinner Solenoid 
Valve. He has disassembled it by hand without remov- 
ing it from the line. Simplicity of design makes this 
simple maintenance and service feature possible. The 
design of Skinner valves is such that coils and other 
parts are interchangeable and easily, quickly replaced. 
They are readily available, too — reducing the stock- 
ing of spare parts to a minimum. 

Skinner Solenoid Valves are made of the very finest 
materials available and contain only two moving parts. 


Their joints are heli-arc welded on special electronically 
controlled equipment. Their coils, manufactured to UL 
standards, will operate for years without burnout. Their 
positive spring returns eliminate sticking. And they 
have no packing to wear out and cause leakage. 

If you are looking for solenoid valves that will give you 
longer trouble-free performance, look to Skinner valves. 
For complete information on Skinner’s line of 2-, 
3- and 4-way valves, write us or contact a Skinner 
representative. Write Dept. 349. 


Skinner Solenoid Valves are distributed nationally 


VF 





ELECTRIC VALVE 
DIVISION connecricur 











This is a greatly-reduced 
reproduction of sine and 
cosine curves demonstrating 
the ability of a standard 
tabulator to present data in 
graphical as well as printed 
form. 


“READ-OUT” PROBLEMS? 


Your computer output,as an example, can be quickly converted to 
accurate graphical form for immediate reading by tabulating your 
data on GRAPHIC’s specially designed Continuous Grid Paper. 


GRAPHIC combines the facilities and experience of five specialized 
firms to bring you a new, unique service. Whatever your specific 
needs for plotting paper, special controller charts, high speed printer 
paper...and others...GRAPHIC engineers can help you develop 
them. Send your requirements. 


GRAPHIc CONTROLS CORPORATION 
189 VAN RENSSELAER ST. BUFFALO 10, N. Y. 
combining the facilities of 


STAEBLER & BAKER INC. TECHNICAL CHARTS INC. 
CLARKSON PRESS INC. AMHERST PRINTING CO., INC. 


STAEBLER & BAKER LTD. (Canada) 


manufacturing and supply units 


TECHNICAL SALES CORPORATION 


sales and service unit 
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TEMP-COMPENSATED 


This new magnetic, low-level, dc 
signal amplifier, designed to operate 
from a 28-volt aircraft or missile sys- 
tem, features a built-in transistor os- 
cillator which generates its own fre- 
guency. This permits operation on a 
de source. Designated the Micromag 
MMO-528, the unit has a voltage gain 
of 500, producing 5 vde for a 10 mvde 
input. Applications include the ampli- 
fication of signals from thermocouples, 
strain gages, and similar low-level 
transducers. l'emperature-compen- 
sated for gain stability, the unit has 
virtually no zero drift-—Magnetic Re- 
search Corp., Hawthorne, Calif. 
Circle No. 78 on reply card 


POTTED CHOKES 


A family of epoxy encapsulated chokes 
is now available from stock. The 13 
units, following preferred values, range 
from 1.1 to 120 microhenries. All are 
ts in. in diam by ? in. long with axial 
pigtail leads, color-coded for easy 
identification, and constructed for 
maximum ruggedness and resistance 
to moisture and other environmental 
extremes.—Cambridge Thermionic 
Corp., Cambridge, Mass. 

Circle No. 79 on reply card 


SILICON TRIODES 


Four new high-temperature, high-fre- 
quency silicon transistors are now avail- 








Norden-Ketay presents 


a superior new 


synchro... 


“a IAT 


THE 3 FUNCTION, 3 MINUTE 
QUADRATURE BAR SYNCHRO 


——--—----------74 


- 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
he. is 


3SYN as a TORQUE TRANSMITTER | 
@ Twice the torque gradient (0.25 oz-in) of 


3-IN-1 VERSATILITY: TORQUE TRANSMITTER bigger loud + spree dope 
TORQUE RECEIVER ad CONTROL TRANSMITTER ‘aan! twice the electrical accuracy 


(3’) of mil synchros (8’). 





STANDARD MIL 


FUNCTION 3SYN SYNCHROS _ 3SYN as a CONTROL TRANSMITTER | 


tter regulation with less input current 

NKC TYPE DESIGNATION L13CF2A 113F2B/113C2A @ Better reguiatio: eee 
improves efficiency, drives more trans- 

Number of Phases } a : ; formers. 


EXCITATION PHASE Rotor 3-minute accuracy surpasses mil synchro 
, 

FREQUENCY es 400" = performance (8’). 

VOLTAGE RATING volts 115/90 115/90 




















3SYN as a TORQUE RECEIVER | 


; CURRENT amps 0.92 1.21 Rn re 88 ene cman 
Maximum Input . ° 
P POWER watts 75 9.4 Twice the receiver accuracy (+ %° error) 
INPUT IMPEDANCE ohms 138 /86.4° 105 /86.6° compared with standard mil synchro 
+3° 
Maximum Null Volts yore. o 100 =” Cet" ewer. . : 
= sad 5 One-half the damping time (1 sec) com- 


DC Resistance at 20°C} Stoo am 3.93 5.96 pared with mil synchro (2 secs). 


MOMENT OF INERTIA oz-in2 0.45 0.43 PLUs 

FRICTION TORQUE AT aaa a wt 
20°C MAXIMUM oz-in 0.1 3SYN minimizes problem of ‘spares’, since 

ELECTRICAL ERROR, MAXIMUM minutes +3° : = is so wig with = sonane 

ransmitters, control transmitters, an 
M : 

ee ee se me torque receivers. Moreover, 3SYN does 

TORQUE GRADIENT, MINIMUM oz-in/deg 0.25 not merely equal, but excels the critical 

DAMPING TIME, MAXIMUM sec. 1 ratings of standard mil synchros in each 

OPERATING TEMP. RANGE °C —55 to +55 t —55 to +55 of those three functions. 

WEIGHT oz. 21 21 


MILITARY DESIGNATION 23TR4a/23TX4a 


















































* Although this synchro is rated at 400 cps, 3SYNs are available to 
a oe to operate at any frequency from 400 cycles to 10,000 
cycles. 

t The normal temperature range of —55°C to +55°C can be extended 
to 140°C on special order. 
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MODEL J3015 
LINEARITY .005% 


MODEL FI810 
LINEARITY .01% 
HIGH 


PRECISION 
POTENTIOMETERS 


IMMEDIATELY AVAILABLE IN PRODUCTION QUANTITIES 
SAMPLES SHIPPED IN 48 HOURS 


15 TURN 3 IN. DIA. 


——— 


4 
i 


10 TURN 1.8 IN. DIA. 








; DIA 2 
— pee 
1.675" 89" DIA 


-_f | 
| sae ae 


a5 w——e 


MODEL F1810 
RESISTANCE RANGE 





RESISTANCE RANGE 2K TO 150 K 1K 10 50K 





LINEARITY (STANDARD) 05% 10 .01% LINEARITY (STANDARD) 05% 10 02% 





LINEARITY (BEST) 








005% ABOVE 4 K LINEARITY (BEST) 01% ABOVE 2K 





Now you can design your circuits with Analogue Controls Potentiometers with 
the assurance that they will be available when you need them! 

Complete mechanical and electrical specifications of all our potentiometers are 
available. Write for Catalog P103 today. 


POTENTIOMETERS MEET THE REQUIREMENTS OF NAS-710 


ue Controls, Ine. 


39 ROSELLE STREET, MINEOLA, NEW YORK 
PIONEER 2-8901 
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able for guided missile computers and 
controls, automatic pilots, and wea- 
pons controls, as well as for nuclear 
reactors, steel mills, and various servo- 
mechanisms. Alpha cutoff frequency 
is rated at 25 Mc., with useful gain up 
to about 50 Mc.—General Electric Co., 
Syracuse, N. Y. 

Circle No. 80 on reply card 


RANGE EXTENDED 


Frequency range of these new Mag- 
meter detectors has been extended to 
10 kc, twice the range previously 
available. Type F-5116, which pro- 
duces 1 ma full-scale output from 0 to 
10 ke, is particularly suitable for feed- 
ing recorders to provide a permanent 
record of frequency changes. Input 
voltage changes from 105 to 135 volts 
produce only about 1 percent change 
in indicated frequency. Output cur- 
rent is linear within 1 percent of full 
scale.—Airpax Products Co., Fort 
Lauderdale, Fla. 


Circle No. 81 on reply card 


USES NO CHOPPER 


This completely transistorized, elec- 
tronically modulated de amplifier for 
milliameter recorders has 12 ranges of 
sensitivity, from 10 mv de to 100 volts 
de full-scale. It has a frequency re- 














Epi—3 





Exj_3-Ei_38in-Ecp_4 COS "= 
4 —Esp_gsing-€s)_-3 cos ——— 


Input signals include data on roll, pitch, tar- 


get information, navigat 





es, 


and other aiming factors developed b: 
radar, gyro, and other locating devices. 








This New High Impedance 


Resolver by Norden-Ketay 
controls the Terrier 


missile from a rolling deck 


Take the computer problem in aiming a supersonic missile 
from solid ground — add the variable factors of a rolling 
ship and a jet-propelled, airborne target. The answer to that 
problem combines 30 Norden-Ketay precision resolvers in a 
phenomenal computer capable of launching the Navy's 
‘Terrier’ with incredible accuracy. 


Norden-Ketay standard 105D2V Resolver met these difficult 
requirements perfectly for the Navy's ‘Terrier’ project — 
again demonstrating the value of the special characteristics 
designed into all Norden-Ketay components. 


If your problem concerns computer accuracy or power, con- 
sider Norden-Ketay Resolver advantages. The high imped- 
ance circuitry requires smaller volume and reduces the size 
of power supply equipment. 


Write for additional data on high impedance and other resolvers to: 
Norden-Ketay Corporation, Precision Components Division, Commack, L.!., N.Y. 


The high degree of accuracy and reliability of this new re- 
solver helps the designer achieve new levels of performance 
in computer systems. Here is an outstanding example of the 
way Norden-Ketay developments simplify the solution of 
complex problems. 

General Specifications 


Norden-Ketay Type: 105D2V « Designated by BuOrd as Mark 4 Mod 1 
Tuned Input: 12,000 ohms © Accuracy: +0.1% «© Frequency: 400 cps. 
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According to Mrs. L. B. Q. (who is 
pictured in the above candid photo- 
graph of the advertising department’s 
mail department and is in charge of 
Sigma premiums, box tops, blown tops 
and the like) Sigma’s July offer of 
free Slidecharts has turned into a 
polymorphous hydra. 

Now it becomes necessary, due to 
the laws of Kirchoff and diminishing 
returns, to terminate the free offer. 


Rrevcavs 


siom 1 quant 
van are list, 10% ven 
mame anove 19 SP ociuculet relcy 
able tor ane the price of ove. oc. om 
oo yncioet 
” —_, ‘mounting syle © 
res 


Hereafter we'll be glad to oblige, but 
at 25¢* (C.1. A.) per. (It’s either this, 
fellows, or raising the price of Sigma 
relays.) 

Don’t think we do not appreciate the 
interest displayed — it’s just, .... 
Still free is the EBG reprint which 
resumes SIGMA products and is big 
enough so you can read it. 


*Cash, stamps or rare fiduciary objects. 
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SIGMA INSTRUMENTS, INC. 
69 Pear] Street, So. Braintree 85, Mass. 
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sponse up to 50 cps, and since no 
vacuum tubes are used, it is extremely 
reliable, rugged, and quickly selt- 
stabilized. It operates from either line 
voltage or a self-contained battery (a 
battery life of about 300 hours may 
be expected). Since modulation is ac- 
complished entirely by electronic 
means, there is no mechanical chopper 
to introduce problems of noise, main- 
tenance, and wear. Absolute accuracy 
is within 2 percent of full-scale.—Texas 
Instruments, Inc., Houston, Tex. 
Circle No. 82 on reply card 


TORQUE BOOSTER 
Type 141F12 Rotary ‘lorque Booster 
offers reliable hydraulic amplification 
to reduce pilot effort in turbo-jet en- 
gine control. ‘The unit amplifies torque 
input at an 8 to | ratio. Extreme re- 
liability results from a unique dirt- 
insensitive servo valve construction 
coupled with complete protection 
against torque feedback to throttle in- 
put. Overloads up to 600 Ib-in. will 
be sustained without damage.—Man- 
ning, Maxwell & Moore, Inc., Strat- 
ford, Conn. 

Circle No. 83 on reply card 


FLOATING INPUT 


Type 1-100C dc amplifier, now avail- 
able for thermocouples, strain gage 
bridges, and resistance-bridge trans- 
ducers, features a true floating input 
and isolation of input and output from 
each other and from ground. Basically 
a carrier type, it uses a 400-cycle 
chopper modulator. Gain is continu- 
ously variable from 5 to 100 by means 
of a seven-positioner attenuator and 
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GH CAPACI 
FILTER SECT: 


DC SOLAVOLT, shown partly disas- 
sembled here, has major components 
identified. It is designed for relay-rack 
mounting on a standard, 19” frame or 
for bench use. Removable handles, for 
convenience when portability for bench 
use is desired, are available as accessory 
equipment. 


Unique combination of components in 
adjustable “DC Solavolt"’ regulated power supply 
reduces conventional size, weight, and cost 


Compact size, low weight, high efficiency, and mod- 
erate price distinguish the new “DC Solavolt” from 
conventionally-designed, regulated, adjustable dc power 
supplies. These outstanding advantages have been 
secured by using a unique assembly of components 
(shown above) that occupy only 7” of height and 121,” 
of depth on a standard, 19” relay rack frame. 

Along with design simplicity, the “DC Solavolt” pro- 

vides laboratory standards of performance: 
OUTPUT VOLTAGE REGULATED WITHIN +1% at full 
load with supply voltage variations up to +15%. 
(Regulation within +1.5% at 50% load and lowest 
voltage setting.) 


RIPPLE VOLTAGE HELD WITHIN 0.10% (rms) at full 
load and nominal input voltage. 

An important feature of this adjustable dc power 
supply is its ability to handle transient or “pulse” loads 
of up to twice the full load rating of the supply. The 
“DC Solavolt” has no tubes to replace, requires no 
“compensating” or “zero” adjustments, and needs no 
maintenance. 

Six stock models provide outputs adjustable in volt- 
age ranges between 5 and 400 volts and load currents 
up to 7 amperes. Your local electronic distributor now 
has the “DC Solavolt” in stock. He will be happy to 
give you further, technical information 


Write for Bulletin 261-DC-245 
SOLA ELECTRIC CO. 

4633 W. 16th Street 
Chicago 50, Illinois 


LIGHTING reansroanmeas © CONSTANT VOLTAGE DC POWER SUPPLIES 


Bishop 2-1414 BRANCH Boston, Mass.; Cleveland, Ohio; Kansas City, 
San Francisco, Cats sae to ates Conn. ® Represen 


tai Toronte 17, 


tatives in Other Principal Cities 
Drive, Mayfair 4554 





Now in mass production... 


SANDERS SA-19 SERVO VALVE 


The Sanders SA-19 Servo Valve provides unparalleled effi- 
ciency and reliability for a wide variety of electro-hydraulic 
components and systems. Utilizing the Sanders internal force 
feedback principle, this two-stage electro-hydraulic amplifier 
develops Sane hydraulic output flows with relatively low input 
electrical power requirements. 


Excellent Resolution 

Features High Power Amplification 
include » Low Hysteresis 

Low Threshold 

Low Input Power 

Wide Frequency Response 

High Stiffness of Control 

Built-in Filtration 


HERMETICALLY 
SEALED CONS 


FIXED ORIFICES 
FIRST STAGE Ol SUPPLY -r 


; “a WE armature 
Output wy H SS ge a FIRST STAGE NOZZLES & BAFFLE 
CONTROL PISTON i oe e FEEDBACK SPRING 
FEEDBACK TRANSFER PIN 
CONTROL PORT NO. 2 


PRESSURE PORT RETURN PORT 


CONTROL PORT NO. 1 


Operation: An input current, converted to a magnetic force 
in the First Stage Armature, moves the First Stage Baffle between 
two nozzles causing a pressure differential across the ends of 
the Output Control Piston. The resulting motion of the Output 
Control Piston is fed back through the Transfer Pin and Feed- 
back Spring as a restoring force on the First Stage Armature, 
thus nulling the valve and porting oil to the load. The First 
Stage Oil Supply is thoroughly filtered as shown. 


Typical Specifications The following are typical specifications 
for this valve. Higher pressure and higher frequency versions 
are also available. 


Force Motor + Coil Resistance (ohms/coil) 400 * Differential 
Current + 20 ma * Input Power 0.16 watts 


Hydraulic Valve + Flow (GPM @ 1000 psi across valve) 10 
* System Pressure (psi) 400 + Resolution (% of Full Signal) 
+ 0.125 + Hysteresis (% of Full Signal) + 2.5 


Write today for complete information. 


ANTIDERS 


a § gS oO Ci A TE gS DEPT. F — NASHUA 9, NEW HAMPSHIRE 
a 


INCORPORATE D 





Wes? Coast Field Office: 7335 VAN NUYS BLVD., VAN NUYS, CALIFORNIA, Tel. STATE 0-2720 
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a gain potentiometer. Specs include: 
linearity within 0.05 percent full-scale; 
long-term stability within plus or 
minus 0.2 percent full-scale; and long- 
term drift less than plus or minus 5 
microvolts referred to the input. In- 
put impedance is greater than 1.5 
megohms; output impedance, 60 
ohms.—Neff Instrument Corp., Pasa- 
dena, Calif. 


Circle No. 84 on reply card 


ACCESSORIES 
MATERIALS 


NEW CONNECTORS 


Cable-to-chassis types have recently 
been added to this company’s Micro- 
Ribbon series of connectors. Available 
in 14, 24, 36, and 50 contacts, the 
new models feature cadmium-plated 
brass shells with clear chromate treat- 
ment, gold-over-silver plated contacts, 
diallyl phthalate dielectrics. Truly 
miniature in size, a mated pair of the 
50-contact size occupies only 3.7 cu 
in.—Amphenol Electronics Corp., Chi 


cago, Ill. 
Circle No. 85 on reply card 


FOR SERVICE TO 1,500 DEG F 


Two new insulating fabrics available 
for service up to 1,500 deg F, come in 
various widths and thicknesses, includ- 





ing instrumentation tapes for insula- 
tion and leak detection. The tapes 
are made of Fiberfrax, a patented 
ceramic fiber. For instrumentation 
use, the tapes have two chromel wires 
embedded in them. A leaky metallic 
or radioactive fluid will quickly cause 
an alarm-sounding short-circuit.—The 


Russell Mfg. Co., Middletown, Conn. 
Circle No. 86 on reply card 


WELL-BALANCED 
rhis miniature reducer, designed to 
specification MIL-R-8572 A, weighs 
from 0.17 Ib to 0.25 Ib, depending on 
the spring required, can be supplied 
with or without built-in relief valves, 
and adapts hydraulic applications. 
Completely balanced, it produces 
straight-line regulation with leak-tight 
shut-off, high rated capacity, and small 
initial pressure drop under flow condi- 
tions. Normal temperature range is 
minus 65 to plus 225 deg F for pneu- 
matics; it is higher with modification 
of the internal design.—PneuHydro 
Valve Corp., East Orange, N. J. 
Circle No. 87 on reply card 


NEW CODE DISKS 


High-accuracy discs for nonlinear and 
decimal codes are now available tor 
this company’s analog-to-digital shatt- 
position encoders. Patterns for trigon- 
ometric functions, logarithmic func- 
tions, and other nonlinear codes can 
be produced, providing the original 
data can be placed on IBM punched 
cards. Decimal-code discs, with divi- 
sions up to and including 100,000, 
are now being manufactured. A new 
17-digit cyclic-binary-code disc, 15-in. 
in diam, has also been perfected and 


Now in mass production... 


SANDERS Subminiature RATE GYRO 


Actual Size 


2-3,16" X15 16 


To meet the growing demand for reliable control and stabiliza- 
tion elements, Sanders Associates is now mass-producing the 
Sanders sub-miniature rate gyroscope. 

Exacting applications in aircraft, missile and fire control have 
proved conclusively the complete reliability of this rate gyro in a 
wide range of conditions and environments. Its features include: 


® Torsion bar suspension for fast response to minute 
signals 
Resolution of 0.001% full scale 
Compensated for environmental conditions 
Fluid cushioning to minimize vibrational shock 
Rotary multi-pole differential pickoff for higher 
sensitivity and excellent resolution 
® Full scale ranges available up to 400° per second 

Sanders’ direct distribution offers the long experience of Sanders 
engineers. Their assistance can be invaluable in reviewing your 
gyro design and application problems. Whether your problem is 
on selection of a gyro or a complete gyro control package, our 
Application Engineers are available to serve you. 


ANDEAS 
md SSOCIATES om: 
—ee 


THE CCCTOrats 


NASHUA 9, NEW HAMPSHIRE 





West Coast Field Office: 7335 VAN NUYS BLVD., VAN NUYS, CALIFORNIA, Tel. STATE 0-2720 


SEPTEMBER 1957 291 








PHILBRICK 
ay COMPUTORS 
ae. ARE USED BY 
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%* you Don‘T HAVE To BE 
AN EINSTEIN TO EXPLORE 
THE UNKNOWN SUCCESSFULLY 


Engineers, mathematicians and scientists can investigate 
their problems intimately and find solutions rapidly . . . 
typical computing times range from 50 milliseconds 

to 50 seconds. 


* you DONT REQUIRE 
A MILLION DOLLAR BUDGET 


Prices for individual operational amplifiers start at $24, 
complete systems at under $1000. You buy only what 
you need for today’s problems and expand as necessary. 


you Don ‘T NEED 
AN ELECTRONICS EDUCATION 


The block diagram approach simplifies the set-up. You 
have only to interconnect functional building-blocks to 
simulate any system, from aeronautics to zymurgy. 


Write to George A. Philbrick Researches, Inc., 
for Catalogue 103. 


GEORGE A. 
PHILBRICK 
RESEARCHES, INC. 
230 Congress Street, Boston 10, Massachusetts HUbbard 2-3225 
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a new encoder is being manufactured 
to house it.—Baldwin Piano Co., In- 
dustrial Sales Div., Cincinnati, O. 


Circle No. 88 on reply card 


LIGHTWEIGHT CABLE 


The introduction of the new multi- 
conductor, ribbon-like electric Tape 
Cable should give rise to some new 
concepts in the field of electrical de- 
sign. The cable consists of a flexible 
film of polyester insulation in which 
are imbedded flat copper conductors 
only 0.0015 in. thick with 0.1-in. 
center-to-center spacing in conformity 
with RETMA recommended grid pat- 
tern for printed wiring. Nine Stand- 
ard cable sizes have been established, 
30, 36, 40, 
or 50 conductors. Its very low inter- 
conductor capacitance suits the cable 
for high-frequency applications.—Tape 
Cable Corp., Rochester, N. Y. 


Circle No. 89 on reply card 


SPIRAL-CUT NYLON 


Spiral-cut nylon tubing, now available 
in OD’s of 4, 4, and 4 in., can be used 
to bundle diameters up to 1 full inch 
and is easily cut to any desired length. 
Nylon’s toughness, resistance to abra- 
sion, low surface friction, and other 
distinctive features can be used to ad- 
vantage.—The Polymer Corp. of Penn- 
svivania, Reading, Pa. 

Circle No. 90 on reply card 
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2) FLUOROSCOPY FOR METALS 
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paring a change in the ring’s diameter. 
(118) PULSE CALIBRATOR. Electron- 
ic Instruments Div. of Burroughs Corp 
Brochure, + pp. All about a signal-meas 
uring device (signal can be ac, dc, or 
pulse) that works on the reference-voltage 
principle. Calibrated dial used to vary the 
reference has 1,000 divisions. It was speci- 
fically designed for the evaluation of mag- 
netic cores. 

(119) MICROWAVE TUBES. Tube Div. 
of Varian Ass Catalog, 32 pp 
Microwave tubes arranged by power and 
frequency for these applications: com 
munications, radar and navigation, severe 
environmental service, and test and in- 
strumentation. Includes 14 pages of data 
on individual tubes. 
(120) DC AMPLIFIER. Kin Tel. Data 
sheets (separate), 8 pp. Describes the 
Model 111A, a broadband integral-power 
supply unit with low drift and low output 
impedance, and high output level and high 
input impedance. Meets requirements for 
No an operational amplifier for computers, 
simulators, industrial controllers, etc. 
(121) VIBRATION METER. Consolli- 
dated Electrodynamics Corp. Bulletin 
1538C, 4 pp. Tells about Type 1-117, 
which indicates directly, on a large meter, 
average vibration velocity and peak-to-peak 
displacement. Three high-pass filters can 
be used at one time. Five of them are 
available. 

(122) RECORDING OSCILLOGRAPH 
Consolidated Electrodynamics Corp. Bul- 
letin 5-122, 6 pp. Says this true environ- 
mental unit can operate in a range of 
from minus 65 to plus 250 deg F, at alti- 
tudes up to 120,000 ft, and on the other 
side of what has been known as the “ther- 
mal barrier” for oscill Some other 
specs: 26 recording traces, two reference 
traces, 12,000 in./sec or faster writing 
speeds, 12 recording speeds 
(123) SPECIALIZED CONTROLS. Iso- 
tope Products. Bulletin 19, 8 pp. De- 
scribes two instruments designed specifi- 
cally for paper-machine measurement and 
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(111) VISCOSE ANALYZER. Dynamics 
Research Associates. Re port 66-R8. Cov 
ers the “‘dynateq” R-8 filtration 


process 
analyzer, whic 


h automatically measures and 
records weight and weight-rate, the two 
main variables in determining the plug 
ging valué of viscose 

(112) SERVOBOARD INSTRUC. 
TIONS. Servo Corp. of America. Bulle 
tin SBI-Rev. 1, 8 pp. This is more than 
an instruction booklet for Servoboard as- 
sembly kits. Most of it, in fact, is devoted 
to tables of common gear ratios and mo 
ments of inertia, in which Servo Corp 
does no horn-tooting at all 

(113) FLOWMETER SELECTOR 
Brooks Rotameter Co. Bulletin 110, 4 pp 
Point the arrow on the die-cut to the 
flow range in your application, and this 
guide will suggest a proper flowmeter 
and give its maximum operating pressure 
(in psig) and maximum operating tempera- 
ture (in deg F). 

(114) WORK-PLANNING 
Clark & Co., Inc., management consult 
ants. Report, 12 pp. About a specialized 
service that “embraces thinking through 
the detailed steps which must be taken to 
carry out a given project, making appropri- 


Wallace 
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ate arrangements to accomplish each step 
in proper sequence, and comparing, recon- 
ciling, and coordinating the cost and tim- 
ing of each of these steps with overall 
Company, calendar, financial, and man- 
power objectives.” Engineering and R&D 
jobs are the target 

115) TIMING. The Haydon Mfg. 
Inc. Catalog 571, 3 pp. Dimensional 
circuit diagrams, and standard 
specs cover timing motors (hysteresis, in- 
ductor, clutch, reversible, dc, miniature, 
heavy duty), time delay, interval, 
cycle), elapsed-time indicators, and rectan- 
gular and round clock movements. 
(116) SEISMIC DATA PROCESSING 
I'exas Instruments, Inc. Bulletin S-318, 
6 pp. Describes “the only all-electronic 
seismic data processing computer on the 
market”, showing how its constant-correc- 
tion unit corrects a seismogram for weath 
ering and elevation variations and point- 
ing out other features, too 

117) PROVING RINGS. Morehouse 
Machine Co. Brochure, 12 pp. A hand 
some, black and white illustrated treatise 
on the Morehouse proving ring, a device 
for testing the accuracy of weighing and 
measuring systems by translating and com- 


drawings, 


timers 


control: the Betameter, for measuring basic 
weight, and the Aquatel, for measuring 
sheet-moisture content. Tt traverse the 
sheet simultaneously 

(124) COUNTING THE MOLECULES 
Brookfield Engineering Laboratories, Inc 
Data sheet 020, 4 pp. An illustrated dis 
of the wi city “Vis 
end- 
merization 
construction 


cussion measuring 
+H application to 


nol 


cometran” and 
product determinat 
reactions, or the molecular 
of manufactured material 
(125) ELECTRIC MOTORS. The B. A 
Wesche Electric C Bulletin BAW-56, 
8 pp. Contains photos, drawings, specifica- 
tions, applications, id 

a variety of Wesche t 
design motors, and coll 
(126) VHS METER-RELAYS. Assembly 
Products, Inc. Bulletin 104-A, 12 pp 
Explains various features of this meter 
(locking-coil, signal-input coil, overload 
protection, thermistor « rol), illustrates 
the basic meter-relay circuit, and goes into 
detail on circuitry. Model 266, the star 
attraction shock- and _ vibration- 
resistant, withstanding 10 ¢’s or better 
(127) AVOIDING MAGNETIC HUM 
Magnetic Shield Div. of Perfection Mica 


and functions of 
wwe and special 
tor rings 


here, is 





Co. Data sheet 129, 4 pp. Series of 
photos shows how this company’s Co- 
Netic foil goes around audio transformers, 
chokes, and other square or rectangular 
components to shield them against hum. 
(128) MAGNETIC TAPE. Instrumenta 
tion Div. of Ampex Corp. Catalog 10M- 
4-57, 16 pp. Spells out major areas of 
magnetic tape instrumentation, gives speci- 
fic examples of how the tape can be 
supplied in these areas, and offers some 
general data on performance. Also touches 
on techniques, tape systems, and one or 
two other things. 

(129) AUTOMATIC VALVES. A. W. 
Cash Valve Mfg. Corp. Condensed cata 
log P&H 57, 12 pp. Covers main uses, 
installation tips, and construction features 
of the complete line of Cash automatic 
valves. Each principal series is presented 
with its own specification table, and there 
are 30 of these tables. 

130) SMALL-CASE INSTRUMENTS. 
Fischer & Porter Co. Catalog 51-1450, | 
16 pp. Small process instruments for meas- 
uring, indicating, indicating and transmit- 
ting, and indicating and controlling laid 
out in handsome, two-color format. All 
are in F&P’s new 1450 series, which fea 

tures fiber-glass reinforced housings 

131) REFRACTOMETER.  Consoli-| 
dated Electrodynamics Corp. Bulletin 
1833, 8 pp. Describes a process instru- | 
ment that measures the difference in re- 
fractive index between a liquid standard 
and a flowing liquid sample by means of | 
a beam of light. Among its uses: blending | 
control, fractionating control. 

(132) MASS SPECTROMETER. Con- 
solidated Electrodynamics Corp. New 
product announcement, 6 pp. Deals with 
a rugged, portable instrument for plant or 
field batch or process analysis. It features 
high sensitivity, good reproductibility and 
an overall mass range of 2 to 80. Construc 
tion is modular. 

(133) TRANSFORMERS. Laboratory 
For Electronics, Inc. Bulletin TR500, 4 
pp. Describes a line of military and com- 
mercial transformers manufactured to 
customers’ spec. Some of the types dis 
cussed: high power pulse, subminiature 
binary, hermetically sealed military, and 
open-type military. Company facilities are 
also mentioned. 

(134) PRESSURE REGULATORS. 
Spence Engineering Co., Inc. Brochure 
No. 1011, 4 pp. First presents a general 
outline of the advantages of the company’s 
pressure regulators, and then proceeds to 
selection data on three different pilots and 
three different main valves. Several typical 
applications shown on the cover. 

(135) WELDED BELLOWS. The Bel- 
fab Corp. Catalog No. 2, 8 pp. Discus- 
ses the design and general characteristics 
of welded bellows of stainless steel and 
other alloys. Spring rate, life expectancy, 
pressure, and hysteresis are some of the 
characteristics covered. 

(136) DRIVE COMPONENTS. Cycle 
dynamics Inc. Bulletin CD-557, 12 pp. 
Describes the Cycledyne electro-magnetic 
cycling drive unit, gives seven reasons why 
the unit should improve plant operation. 
Typical mounting options and assemblies 
are tabulated. A chart shows how to 
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CLEVELAND AUDITORIUM 
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at-jemeell mi -leleka. ii. le Pam |i } 
SEE... 


... the new Frahm® Resonant Reed Relays and Oscillators ww 
together with packaged tone generator and tone detector cir- 
cuits...the wide line of Frahm Frequency Meters © 
including the improved precision sealed types... the Biddle 


Corona Testing Equipment and hear all that’s new in 


a me 
this field for non-destructive evaluation of electrical insulation 


in transformers, cables, capacitors, and other electrical com- 


ponents for ionization starting voltage at 60 cycles ...the 


improved Meg type of Megger® Insulation Tester i with 


multiple switch and dual voltage facilities including double 
range megohm scale, ohm scale, and capacitance discharge 
... the new Biddle Low Resistance Ohmmeters. <a 


IT PAYS TO VISIT TRADE SHOWS 
Most men in management encourage trade show and conference attendance 
by their operating staffs and many attend themselves. It is perhaps the 
only way they can hear so much, and see so much that is new, in a short 
space of time. There is real economy in being able to examine hundreds of 
manufacturers’ products and sit in on shirt-sleeve sessions on everyday 
problems with practical men—specialists in their fields. 


Write for Complete Check list of Literature 19-57-CE. 


JAMES G. BIDDLE CoO. 


Electrical Testing Instruments * Speed Measuring Instruments 
Laboratory & Scientific Equipment 


1316 ARCH STREET, PHILADELPHIA 7, PA. 


SEPTEMBER 1957 





LOW 

OUTPUT 
IMPEDANCE... 
WIDE 
FREQUENCY 
RESPONSE... 


UAC Transistorized 
Computer Power Supplies 


¢ for Airborne Applications 
¢ for Portable Instruments 
¢ for Line Operation 


UAC Multiple Computer power supplies are reliable, compact, ver- 
satile units with 115v 400cps input for airborne applications, 24 VDC 
for portable instruments, and 115v 60cps for line operation. 

These units provide exceptional performance under intermittent 
variable and pulse loads. They have low output impedance (DC to 
100Kc) and regulation is available to 0.1%. 

They operate efficiently over the temperature range —55° to 
+55°C. Operation to 85°C is available. 

Typical output voltages and currents follow. Units with all 7 outputs 
are available from any of the inputs listed above. 


+30 volts DC @ 2 Amps—Regulation 1% 
+10 volts DC @ 6 Amps—Regulation 1% 
+ 1.5 volts DC @ 1 Amp —Regulation 1% 
Line operated unit fits a — 1.5 volts DC @ 1 Amp —Regulation 1% 
standard 19” x 8%4” relay —10 volts DC @ 5 Amps—Regulation 1% 
rack and weighs approxi- —11 volts DC @ 3 Amps—Regulation 1% 
mately 22 Ibs. —30 volts DC @ 5 Amps—Regulation 1% 


Tell us your specific requirements. 


UAC Electronics 


A DIVISION OF 
Wniversal Transistor Products Corp. 


Dept.C 97 + 36 Sylvester St. Westbury, L. I., N. Y. « Edgewood 3-3304'* Cable Address: UNIVATOMS | 
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APPLICATION 
LITERATURE 


NOTE: Because some of the items below 
are “priced”, we have omitted card num- 
bers and suggest that interested readers 
write directly to the companies involved. 


LAB MANUAL. Educational Services 
Dept., Servo Corp. of America, 2020 
Jericho Turnpike, New Hyde Park, N. Y. 
Entitled “Servosystems Laboratory Man- 
ual”, this 32-page booklet is designed to 
furnish the framework for an introductory 
lab course in servomechanisms, feedback 
control systems, etc. It includes seven in- 


tegrated, class-tested experiments, each of 
which builds on what the student has 
learned in the ones before. Theoretical 
discussion is held to a minimum and con- 
fined to the introductory section. The 
experiments call for the breadboarding of 
a typical ac  positional-feedback — servo- 
mechanism, which is then used throughout 
the course. Price $2. 


DIFFERENTIAL ‘TRANSFORMERS. 
Automatic Timing & Controls, Inc., King 
of Prussia, Pa. Beginning with basic theory, 
this new handbook describes characteris- 
tics, applications, and limitations of dif- 
ferential transformers. Section II, starting 


-~_ 


on page 6 (see cut), presents a well-illus- 
trated discussion of the history of differen- 
tial-transformer development. Some special 
design considerations are treated in Section 
V. A few of the typical applications illus- 
trated in the final section include thickness 
and tension controls, a pressure-compen- 
sated gas flowmeter, and a differential 





Pioneering Scientific Frontiers at General Mills 


7 
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J 
errr 


is steering 
tomorrow's 
guided missile 


His uniform is a laboratory coat, his cockpit a dust-free 
room with carefully controlled temperature and humidity. 
He’s a skilled General Mills gyro technician—as much a 
part of the defense of his country as the jet pilot. Results 
from his work, and from work in other R & D labs, 
assure us that tomorrow’s guided missiles will be even 
* At the Mechanical 
Division of. General Mills, the gyro lab is part of a 


more accurate than today’s. 


WE’D LIKE TO TELL YOU MORE 


Send for facts about our unusual skills and 
how other companies use them in defense 
weapons production. Write to Mechanical 
Div., General Mills, Dept. CE9, 1620 Cen- 
tral Ave. N. E., Minneapolis 13, Minn. 
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talented, well equipped guidance and navigation systems 
development group. The group also includes top men and 
facilities in infrared, microwaves, electronic and mechan- 
ical design, and overall systems engineering. We team 
these men and facilities with a complete precision pro- 
duction plant to handle systems, sub-systems and major 
assembly problems for the world’s most exacting custom- 
ers. Possibly you too can benefit from our capabilities. 


General 


MECHANICAL DIVISION | Mills 


Creative Research and Development + Precision Engineering and Prod 
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FOR 

DATA 
PROCESSING 
COMPONENT 
AND SYSTEM 


SPECIFY 
POTTER 


!Potter instruments and systems 
are unexcelled in reliability, 
accuracy and flexibility. 

The equipment shown is typical 
of many more available as 
individual components or in 
integrated systems to meet 
specific requirements. 


Write for brochure describing 
these and other Potter units, 
including special products. 

For detailed technical 
specifications on any of the 

Potter Products listed above, 
contact your Potter Representative 
or the factory. 


DATA-HANDLING EQUIPMENT 


Digital Magnetic 
Tape Handlers 





Perforated 
Tape Readers 





“Quick Look” Recorders 





_— 
—— 


A 


Record- 
Playback 
Head 
Assemblies 





Preset Interval and Delay Generators 


HIGH SPEED ACCESS REGISTERS 


—. 


Ten-Bit Parallel 
Output (Serial Input) Using Magnistors 





Ten-Bit Serial Output 
(Parallel input) Using Magnistors 





Six-Bit Digital 
Comparator Using Magnistors 


> POTTER INSTRUMENT COMPANY, INC. 


we 115 Cutter Mill Road 


Great Neck/L.}.N Y 


WESCON Booth 1003; ISA Booth 1266 
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APPLICATION 
LITERATURE 


diaphragm pressure transmitter. Request 
Handbook No. R-50. Price: $2. 
INFRARED IN AVIATION. Barnes En- 
gineering Co., Stamford, Conn. “IN- 
FRARED: An Appraisal of Its Role in 
Missile Guidance, Target Detection, Fire 
Control, and Mapping”, is the title of this 
20-page brochure. It objectively surveys 
intrared’s potentialities and shortcomings 
for use in military systems, particularly as 
compared to equivalent radar systems. Pri- 
marily, it reviews the development of IR, 
its techniques and instrumentation, and 
its applications. Author is Philip J. Klass, 
Avionics Editor of Aviation Week, whose 
reprinted articles appear here with mar- 
ginal comments pointing out Barnes’ con- 


tributions in the field. Some readers may 
have recognized the photo above as being 
an infrared picture of lower Manhattan 
Island. Interestingly enough, the picture 
was made six years ago, with equipment 
now considered obsolete. Free on request 


MEASURING FREQUENCIES. Dept 
7242, Beckman/Berkeley, 2200 Wright 
Ave., Richmond 3, Calif. Data File 111, 
17 pages on “frequency measurements 
and how to make them’, covers the equip- 
ment used in measuring and indicating, in 
digital form, frequencies from 0 cps to 
1,005 mc. Low and medium frequencies 


are discussed in one section; rf, vhf, and 
uhf in another. A separate section covers 
period meter and preset counter tech- 
niques as applied to rapid measurement of 
low frequencies. Free on request. 





CREATED FOR THE JOB 
by CONOCONTROLS Specialists 


Conofiow LB Valve on a diffi- 
cult liquid level control job in 
a Barrett Div. plant of Allied 
Chemical & Dye Corp. This 
valve is handling hot coal tar 
ot temperatures to 750° F. 


These 3” Conofiow "S" Valves 
are going to the Aluminum Co. 
of America in the new St. Louis 
pilot plant. They will be han- 
dling hot flashing caustic liquor 
containing 7% suspended sol- 
ids with pressure drops up to 
300 psi. 


Conofiow Saunders Valves used in 
conjunction with Fuller Company's 
Airveyor System in a midwestern ce- 
ment plant. These close-coupled “on- 
off" valves are equipped with sole- 
noids and armored position indicators. 


Cylinder Conomotor affords remote 
manual or automatic adjustment of 
flow rate for a Kates direct-acting 
flow regulator. This is one of many 
OEM applications for Conofiow’s ver- 
satile pneumatic throttling actuator. 


One of several Conoflow Rotomotors 
on a unique service in Owens-Corning's 
Newark, Ohio plant. This powerful 
pneumatic actuator positions a large 
circular saw which automatically trims 
and cuts a continuous sheet of Fiber- 
gias into stock widths. 


These Conofiow LB Valves have been 
on a tough temperature control ser- 
vice for over three years in the plant 
of this large manufacturer of floor 
covering and insulation. More than 
600 Conofiow LB Valves are in use 
throughout this plant. 


While most Conoflow products are shelf items—a good many 


are not. They are created for the job through our 


Conofiow Pressure Transmitters 
for the Kraft Foods Company. 
They will be used with minia- 
ture recorder-controliers to 
give visual indication and 
record of levels and pressures 
in vegetable oil vessels, 


Conofiow Airpak filter-regu- 
lators being tested prior to 
shipment to duPont. Other 
large volume Airpak users 
are: Phillips Petroleum, Leeds 
& Northrup, Catalytic Con- 
struction, Minneapolis-Honey- 
well, and Fischer & Porter. 


engineering and yours—combined and concentrated on your problem. Shown above 


are only a few examples of the variety and scope of Conoflow 


installations. If you are not already a Conoflow customer, phone or write us at 
2100 Arch Street, Philadelphia 3, Pa. We'll put you 


in touch with a Conoflow representative qualified to help you. 


Fee us at the \.S.A. SHOW — Booth 1455 


CONOFLOW CORPORATION 
FOREMOST IN FINAL CONTROL ELEMENTS 





STABLE POWER SOURCES FOR ELECTRONIC 


300 


Model D305-CS is a dual stabilized D-C 
source consisting of two voltage reg- 
ulated power supplies symmetrical to .01% 
with respect to ground and referenced to 
a .005% zener junction diode network in 
a temperature stabilized oven. Ripple out- 
put is less thar 500 microvolts. Response 
time for step changes in load from zero to 
maximum rated current is less than 50 
micro-seconds. Internal impedance is less 
than 0.3 ohms to 20 ke, less than 1 ohm 
to 200 kc. Prototype models have main- 
tained better than .01% stability for 
periods in excess of 10,000 hours. 


Standard models are available in voltages 
ranging from 100 to 500 volts and currents 
from 100 to 500 milliamperes. Output volt- 
ages may be identical or supplied in fixed 
voltage ratios. Output voltmeters and mil- 
liammeters optional. 


Write for Catalog 58C for complete details. 
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| WHAT’S NEW 


(Continued from page 62) 


was a small company (under 500 
people) only a few years ago. It de- 


| vised a new method for making jet- 
| engine blades, a method that sliced 
| the time for such complex operations 


SOURCE 
aud 


VOLTAGE REFERENCE 


Model D305-CS 
(pictured) 


Plus and minus 300 volts D-C, 
0-500 MA Standard 19” rack 
mounting, Height 334%,” 


Supplied less rack 


Power Desyons ine. 


89-25 130th STREET 
RICHMOND HILL 18, N. Y. 


INSTRUMENTATION 


as measuring, casting, and grinding, 
and still resulted in a high-class prod- 
uct. ‘Today Thompson is no longer 
listed as “‘smail’”. Some other cases 
| are detailed in a GE pamphlet titled 
“How General Electric is Helping Its 
| Small Business Defence Subcontrac- 
tors”, January 1956 (16 pp.). 

¢ It’s more than bidding—Small con- 
trol companies, says Metcalf, are well 
aware of the potential profit in sub- 
contracting on production orders, but 
they sometimes overlook the benefits 
from subcontracting on R&D jobs. 
This is quite true, but here, too, there 
is no one-way street. Small businesses 
may be missing a lot of opportunities 
all over, but that doesn’t mean that 
they just have to go after the addi- 
tional business and it’s theirs. GE, 
and other large companies like it, may 
have to abide to a certain extent by 
the outcome of bids, but they can 
still make a choice or at least express 
an opinion. 

In fact, the more complex and vital 
the control part or system to be sub- 
contracted, the louder the big-com- 
pany voice in the selection of the 
vendor. This is only natural, and even 
the Federal government acknowledges 
it: the more important the job is, the 
less secure one can feel in simply rely- 
ing on the lowest bidder to accomplish 
it. Fortunately, though, .it usually 
turns out that a company is low bidder 
because it has the means, in terms of 
facilities and personnel, to do the job 
for the least money. 

But because the prime contractor 
takes all responsibility in a contract, 
no matter how much subcontracting is 
done, a visit by a GE man to a pos- 
sible subcontractor usually precedes 
an invitation to bid. This invitation, 
then, means the small company is 
qualified in many areas, only one of 

| which is facilities and staff. Among 
| the others listed by Schnell: ability 
| to produce materials and clearance for 
| reasons of national security. 


| Raytheon Sells Datamatic 
Stake; M-H Now Sole Owner 


Raytheon Mfg. Co.’s 40-percent 
stock interest in Datamatic Corp., the 
firm that it formed with Minneapolis- 
Honeywell Regulator Co. in 1955, has 





TULL V ELD & From Pilot Plant to Process 


“DEMI 54” 


5 Valve Manifold 
for integral mount- 
ing on cleanout type 
Manometer k 
less design, 
off valves, 
pass valve, 
valves. Other 
5 valve models avail- 
able with or without 
special manometer 
mounting. 


BLOCK VENT VALVE 


3 balanced valves, 2 
reverse acting and 1 di- 
rect acting, actuated by 
one operator. With 0 to 
3 psi control air, the 2 
reverse acting valves are 
closed, center valve vent- 
ed. At 6 psi control air, 
all valves closed. At 12 
to 15 psi, the 2 reverse 
acting valves are open 
and the vent valve is 
closed, allowing free 
flow through body.Design 
pressure 1800 psi. Teflon, 
Chevron packing. Teflon 
seating for tight shut off. 


“BANTAM” 500 SERIES 
VALVE 


Throttling “Bantam” Dia- 
phram Control Valves for all 
standard control valve uses, Cv 
of 0.6 and below, up to 1 
psi and 500°F, characterized, 
renewable trim, 316 stainless 
steel and Teflon only wetted 
surfaces, iow in hysteresis size 
and weight, 2000 series ‘‘Ban- 
tam” Control Valves available 
for on-off service. 


MINIATURE DIA- 
PHRAGM OPERATED 
SHUT OFF VALVE 

Body PVC, diaphragm 
neoprene, diaphragm head 
aluminum. Body and op- 
erotor 2° dia. x 134" high. 


—_ 


“DEMI” PACKLESS 
VALVE 


For services when 
packing is a problem, 
manifolding of small 
valves in one unit at 
low cost. For services 
up to 750 psi and 
500°F, screw, toggle, 
or diaphragm oper- 
ated, the “DEMI” line 
is ideal for panel 
mounting up to five 
valves in one block. 


WHIFFLETREE 
OPERATOR 


Two valves oper- 
ated simultaneously 
by one operator. 
Valves may be globe 
or three-way and 
have oc multitude of 
piping arrangements 
for mixing and rout- 
ing applications. 


(Ve or V4 NPT). 


— 


AIR RATE INDICATOR 


Top and bottom housing, 
1%" square anodyzed alu- 
minum barstock, combination 
column studs and gauge pro- 
tection. The Ve" IPS ports 
may be relocated by remov- 
ing column studs and rotat- 
ing top or bottom housing. 
Standard calibration indi- 
cates 0 to 2 standard cubic 
ft. per hour of air. Other 
mode available with built- 
in toggle actuated packless 
valves or needle type valves 
for precise contro! or special 
porting or additional ports 
to suit your requirements. 


MANUAL 
RESET 


Wherever con- 
trol air on danger- 
out or toxic proc- 
ess flows must be 
blocked for safety, 
on air failure until 
manually reset, 
these valves insure 
against disaster. 
Standard sizes 4" 
and V2" I.P.S. 


t 


SAUNDERS VALVE, 
AIR OPERATED 


Plastic valve, 2'’ and 
below, metal valve 1” 
and below. G. W. Dahl 
Co., Diaphragm Opera- 
tors on these valves pro- 
vide simple, sure auto- 
matic operation. Each 
application must submit 
ull flow information. 


DIAPHRAGM OPERATED 3-WAY 
CONTROL VALVE 
Aluminum diaphragm operator, stainless steel 
body and trim, Teflon packing with Teflon seating 


for tight shut off. Available up to 2’, flanged or 
screwed, 





REPRESENTATIVES 





Write us for complete technical information, or 
for the address of our representative in your area. 


IN PRINCIPAL CITIES 
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MINIATURE THROT- 
TLING CONTROL 
VALVE, TOP 
MOUNTED MOORE 
POSITIONER 


Compact, accurate 
rugged. High lift, posi- 
tioning accuracy, low 
cost, and low in weight 
and size. Body, bonnet 
and blind head of bar- 
stock construction. 
Valve sizes up to 1", 
screwed or flanged. 
Trim Cv, 12.0 to 0.001. 
Pressures, 0 to 2000 
psi. Temperatures, 
Minus 400 to Plus 
1000°F. 


MINIMUM DISPLACEMENT 


PACKLESS VALVE 


Designed specifically for minimum hold- 
up in valving capillary tubing. 114" dia. 
body available with special 
solenoid or diaphragm operation, or hand 


operation 


bonnet 


for 


GEORGE W. DAHL COMPANY, INC. 26 ruptio street, eristot, r. 1. 


VISIT OUR BOOTH 1562, I. S. A. EXHIBIT, CLEVELAND AUDITORIUM, SEPT. 9-13 
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Stopped by a TOUGH Combination... 
bee hased by M-H for $44 mil- 
- +» Of FILTRATION S| ion, or just a little less than the price 
REQUIREMENTS? of two Datamatic systems (they start 
e 





PORO-KLEAN 


THE POROUS STAINLESS STEEL MEDIUM THAT OFFERS YOU 
ALL THESE ADVANTAGES — 
ee + +» permitting operation at temperatures as 


HIGH TENSILE STRENGTH . . .up to 15,000 psi, allows Poro-Klean 
Filters to withstand differential pressures of more than 3500 psi and to 
handle extremely viscous liquids at relatively high fiow rates. 


HIGH CORROSION RESISTANCE... allows the filtration of — or clean- 
ing by — substances that would quickly damage other filter materials. 


NO MEDIA DISCHARGE... .Cuno’s unique manufacturing and coftrol 
methods result in a much stronger material with all particles securely 
bonded at several points of contact. Independent tests have proved that 
Poro-Klean produces no product contamination due to media discharge 
...even under conditions of extremely high differential pressures and 
severe vibration. 


UNIFORM FINE FILTRATION . . . with standard material down to 5 


microns. Material for sub-micronic filtration available on special order. 


Photomicrograph of 
PORO-KLEAN 
Material 


WRITE NOW FOR COMPLETE INFORMATION 


CUNO ENGINEERING CORPORATION 


2709 SOUTH VINE STREET, MERIDEN, CONNECTICUT 
Telephone BEverly 7-5541 
EDGE-TYPE, WIRE-WOUND, FIBER CARTRIDGE 
and POROUS METAL 
FILTERS 
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at $24 each). Raytheon, which is ex- 
pecting delivery of a Datamatic for 
its own use, emphasized that internal 
competition for its capital funds was 
the only reason for the transaction. 
Its business is growing as fast as Data- 
matic’s, and it was simply a question 
of where to put the money. 

This gives M-H full control of 
Datamatic. The first Datamatic sys 
tem was to have been completed this 
summer; others are to follow in 1958, 
including one for M-H’s own office in 
Minneapolis. In most cases they will 
go out on a rental basis. 

The stock sale does not include cer- 
tain advances by Raytheon to Data- 
matic to further the development of 
the electronic digital data-processing 
systems. These are repayable next 
vear and the year afterward. 


Robertshaw-Fulton Moves 
to Richmond, Elects Arden 


News that Robertshaw-Fulton Con- 
trols Co. is moving its executive 
offices from Greenburg, Pa., to Rich- 
mond, Va., parallels the election of 
Thomas T. Arden as president and 
John A. Robertshaw as chairman of 
the board. Arden, formerly executive 
vice-president in charge of western 
operations, and Robertshaw, former) 
president, join a new three-man execu- 
tive committee headed by retiring 
Chairman Richard S. Reynolds Jr. 

The new Richmond location is ex- 
pected to yield better liaison with 
government agencies and departments 
involved in R-F’s military work, im- 
proved communications with the com- 
pany’s eastern manufacturing divi- 
sions, and more convenient transpor- 
tation facilities for personnel. 


France Purchases REAC 
for Atomic Energy Studies 


The French Commissariat a L’ 
Energie Atomique has become the 
second organization to purchase a 400 
REAC computer for use in nuclear 
research. The Reeves Instrument 
Corp. product is being installed in the 
Commissariat’s Paris laboratories, hub 
of a program aimed at building and 
installing a number of prototype and 
research reactors in various parts of 
France. The French government, re- 
ticent about the specific role await- 
ing the REAC, says only that it will 
assist in “‘studies of new uses for atomic 





G-M Suwe Motor & 
| (SUARANTEE 


O MEET ALL MIL. 


ENVIRONMENTAL 
SPECIFICATIONS 














When reliability under extreme 
conditions is essential—specify 
G-M Servo Motors! G-M has 
long specialized in supplying 
precision servo motors to the 
Military Avionic Industry, 
especially designed to meet 








military specifications for hu- 
midity, salt spray, tempera- 
ture, vibration and altitude. 
Whatever your needs, let G-M 
build a servo motor with the 
right characteristics to perform 
to your specifications. 


Write today for G-M charts, 


specifications, or consultation. 


Motor Generators 


(i-M Servo 


manufactured by the Components Division of 


G-M LABORATORIES INC. 


4340 N. Knox Avenue e Chicago 4] 
Hysteresis Motors ~~ 
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Synchronous- 








By specializing in 
servo motors only— not 
systems —G-M gives 
you these advantages... 


@A broader line of servo motors 
in sizes and types to meet a wide 
range of applications. 


@ Servo motors available in all the 
standard sizes. 

@ Standard sizes specially modified 
to meet specific circuit requirements 
—available on a quick-service basis. 
@ Creative engineering in design- 
ing special motors with special 
characteristics. 


@ Faster production— better service. 


lotors 
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energy”. The first REAC purchased 
for this purpose is now being operated 
for the AEC by Union Carbide & 
Carbon Co. at Oak Ridge. 





General Nuclear Engineering, 
AMF to Build ‘Argonauts’ 
American Machine & Foundry Co. 
and General Nuclear Engineering 
Corp. have joined hands over a proj- 
ect calling for production of AEC- 
+ type Argonaut training reactors, the 
—.02% i inherently safe units already being 
built in private-industry shops by the 
SHAFT ROTATION Nuclear Div. of Daystrom, Inc. 
(CtE, April, p. 50). Like Daystrom’s 
design, the AMF-GNEC verison, to 
® a ® be called the “Educator”, will go to 
universities and industry for training 
p er neal y purposes. It is rated at 10 kw con- 


tinuous duty. 


and phase shift problems? AF Order Puts ‘Snarks’ 


on Northrop Delivery Line 


Delivery of Snark intercontinental 
missiles has been ordered by the Air 
Chances are there is a Vernistat a.c. potentiometer that Force. This means a $73-mullion pro- 
duction contract for Northrop Air- 
craft, Inc., builder of the 69-ft, nu- 
combines an accurately tapped auto-transformer with a clear-headed weapon. Northrop has 
7,800 people working on the Snark 
program, most of them located at the 
earity, long-term stability, and low output impedance Hawthorne, Calif. home of the 
Northrop Div. Missiles will be 
marked for operational units of the 
Strategic Air Command. 


VOLTAGE 











will solve them. The Vernistat potentiometer uniquely 
linear interpolating resistance element. It has precise lin- 


which minimizes loading error. 


The Vernistat potentiometer is available in models 
with linearities as low as +0.02% and output impedances New Companies in the Field 
as low as 45 ohms. ; Specialized Propulsion & Control 
Equipment Corp., to do instrumenta- 
Check these specifications: tion, design, and process work for the 
chemical and petroleum industries— 
in Dallas. One of “SPACE Corp.’s” 
at ty Output quadrature | Cutput impedance first moves was to purchase the Engi- 
Linearity Maximum, 400 cps Maximum neering & Mfg. Div. of Shaw & Estes 


of Garland, Tex., a fast-growing 
Mode! 2B +0.04% 0.50 mV/V 130 ohms Texas “control baby” (CtE, July, 


Model 2B1 +0.03% 0.13 mV/V 470 ohms p. 59) making instrumented test fa- 
cilities for jet and rocket engines. 

weasel ane 0.05% 0.47 WV 45 ohms Dynamic Research Corp., said to 
Model 2B3 +0.03% 0.16 mV/V 130 ohms be one of the first companies devoted 

s exclusively to inertial navigation—in 
nen at cael 0.06 w¥V 470 ohms Woburn, Mass. Three former mem- 
bers of MIT’s Instrumentation Labo- 
For additional information, write: ratory head the new systems and com- 
ponents design and development 
firm. They are: John S. Anderegg 


a 
® Jr.. Howard R. Whitman, and Mal- 
VerniS «i colm A. Douglas. Anderegg is DRC 


president. 


division Consulting Associates, whose pro- 
spectus practically covers the field 
PERKIN-ELMER CORPORATION * Norwalk, Connecticut! (plant design, testing, high polymer 
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HONEYWELL PROPORTIONAL 
PLUS INTEGRAL AMPLIFIER 


7 


SPEED ERROR VOLTAGE 





SPEED REFERENCE 











AMPLIFIER OUTPUT 


ELECTRIC 
MOTOR 
HONEYWELL 


a SERVO VALVE 


VARIABLE VOLUME 
HYDRAULIC 











VALVE POSITION FEEDBACK 


PUMP 

















OUTPUT SPEED FEEDBACK 


New kind of speed control— 


STROKE POSITION FEEDBACK 


HYDRAULIC 
MOTOR 


Honeywell Electro-Hydraulic 


TACHOMETER 





Only an electro-hydraulic speed control sys- 
tem can give you all these advantages. 


® Wide speed range— @ Negligible droop under 
ranges of 1,000 to one load 
are readily possible 
@ Infinitely variable speed 
® Smooth, steady, low- control 
speed operation 


@ Easily adjustable speed 
@ Fast response 


4 ee SPFED CONTROL diagram above is a typical example 
that shows the flexibility of Honeywell Electro-Hydraulic 
Control systems. 

Honeywell servo valves and transistor amplifier combina- 
tions make new building blocks available for dozens of 
applications. 

Rugged and dependable, they are smaller and more com- 
pact, have high speed of response, are easy to adjust and 
inexpensive to install. 

For complete information, including realistic delivery 
dates, call, wire or write Minneapolis-Honeywell Machine 
Controls Division, Dept. CE-9-210, Minneapolis 8, Minn. 


Flexible building blocks to do the job 


3-Way Valve (XVJ300) 

Output Flow (no load) 
100 psi—3.5 gpm 
1000 psi—9.9 gpm 


4-Way Valve (XVJ303) 

Output Flow (no load) 
100 psi—1.5 gpm 
1000 psi—5.0 gpm 


3-Way Valve (XVJ302) 

Output Flow (no load) 
100 psi—2.0 gpm 
1000 psi—6.0 gpm 


Amplifier (XRJ301) 
Transistor Servo Amplifier 
High gain, multiple input am- 
plifier with superior reliability. 


Honeywell 
Frits in. Couttil 
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Full Wave 
SILICON 


Tube Replacement 
RECTIFIERS 


Where dependability and ruggedness are a 


Rectifiers will solve your problems. One of 
the four standard types described below will 


meet the requirements of your application. 


$-5011 
1N1150 


Maximum Rating: 


Peak Inverse Voltage 
per Section .. 

Peak Rectifier Current 
per Section 

DC Output Current 

Ambient Temperature 


.....-. 1600 Volts Max. 


8000 MA Max. 
750 MA Max. 
....100°C Max. 


‘ . 
Dimensions: 


A—1-1/2” O.D. B—2-1/4" C—2-27/32” 
Four Pin Base 


Replacement for Types 80, 82, 83, 83V, 5Z3 


must,” Full Wave Silicon Tube Replacement 














$-5017 
1N1237 
Maximum Rating: 
Peak Inverse Voltage 
per Section .............. : 
Peak Rectifier Current 
per Section 
DC Output Current 
Ambient Temperature 


..1600 Volts Max. 


Dimensions: 

A—1-3/16" O.D. B—2-19/32" C—3-5/32” 

Octal base 

Replacement for Types 024, 5X4, 5Y4, 6AX5, 
6X5 








$-5018 
1N1238 
Maximum Ratings: 
Peak Inverse Voltage 
per Section 
Peak Rectifier Current 
per Section 
DC Output Current 
Ambient Temperature ..... 


1600 Volts Max. 


..8000 MA Max. 
750 MA Max. 
100°C Max. 
Dimensions: 
A—1-3/16” 0.D. B—2-19/32" C—3-5/32” 
Octal base 
Replacement for Types 5AU4, 5AW4, 5AZ4, 
514, 5U4, 5V4, 5W4, 5Y3, 524 





$-5019 
1N1239 
Maximum Ratings: 
Peak Inverse Voltage 
per Section .............. 
Peak Rectifier Current 
per Section ............. 
DC Output Current 
Ambient Temperature 


2800 Volts Max. 


100°C Max. 


Dimensions: 

A—1-5/16" O.D. B—3-3/4" C—4-5/16” 
Octal Base 

Replacement for Type 5R4 


Send for data sheets on any of the above types. 


rkes 
arzian.. 


® 


RECTIFIER DIVISION 


5000 MA Max. 
500 MA Max. 
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and coatings technology, economic and 
technical surveys, contract research, 
chemical processes, mechanical con- 
trols design, instrumentation, and 
formulation)—in Cleveland. Techni- 
cal director is FE. I. Arsan. 

Moore Associates, which will de- 
velop, design, and produce telemeter- 
ing equipment and accessories, in- 
cluding encapsulated carbonyl-iron 
inductors and r-f transformers—in Red- 
wood City, Calif. President Laurence 
Moore most recently was project en- 
gineer at Levinthal Electronic Prod- 
ucts, Inc. Before that he was chief 
engineer of Lectrolab Mfg. Others 
in the new venture: Albert L. Robin- 
son, formerly with Bell Telephone 
Laboratories, and Felix Greene, 
former official with the BBC. 

Amphenol Great Britain, Ltd., or- 
ganized to manufacture and sell air- 
craft, communications, and computer 
components carrying the label of 
Amphenol Electronics Corp. of Chi- 
cago—in Alperton, England. This 
makes Amphenol’s second subsidiary. 
The first: Amphenol Canada, Ltd. 

U. S. Semiconductor Products, Inc., 
to manufacture, and seek new uses 
for, silicon diodes, transistors, and 
rectifiers—in Phoenix, Ariz. Some of 
the unexplored possibilities for semi 
conductors, say the new company’s 
officials, involve “natural” applica- 
tions. Example: replacing of a 500-Ib 
motor-generator set having 50-percent 
efficiency with a 3-lb silicon rectifier 
package that’s 95 percent efficient. 
Scheduled for production so far are 
a low-powered, 100-mw silicon recti- 
fier, a medium-powered, 1-2-watt 
diode, and a high-powered, 400-volt 
rectifier. President of USSP is Fried- 
rich W. Schwarz, one of Germany’s 
wartime V-2 experts. With him are: 
Robert S. Rutherford, a former re- 
search man at the Air Force’s Cam- 
bridge Research Center; Milton R. 
Sherman and Peter H. Robeck, both 
formerly with Motorola, Inc.; Glenn 
W. Skouson, who was with the AEC 
at its Pacific Proving Grounds, and 
Elling H. Runden, formerly chief 
engineer for Accurate Spring Mfg. 
Co., Chicago. 

Rheem-Solartron, Ltd., formed by 
Rheem Mfg. Co. and the Solartron 
Electronic Group, Ltd., of England, 
to do R&D work in electronics. Col- 
laboration by Rheem and Solartron 
will center on such things as radat 
simulation and a multi-headed reading 
machine for commercial applications. 


DEPT. CE-2, 415 NORTH COLLEGE AVE., BLOOMINGTON, INDIANA 


IN CANADA: 700 WESTON RD., TORONTO 9, TEL. ROGERS 2-7535 
EXPORT: AD AURIEMA, INC., NEW YORK CITY 


Telemetering Corp. of America, 
whose officials announce they are out 
to improve and simplify systems for 
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BGS yp. STA BILINE “7c Voltage Regulators 
G0ow, 


*, 


te 


‘Here’s how to Build-in ee i aa oe a ee 
Automatic Voltage Regulation” 


No matter how good your control instrumentation is, it is not going ave evallaite for 


Three types of STABILINES 


individual needs: 
to be precisely accurate at all times unless the input voltage is precisely Sheik Ti Riceetessade Mieteniad & 


completely electronic, instantaneous in 
constant. action, with no moving parts. Constant 
output voltage is maintained regardless 


‘You just can’t get better automatic voltage regulation equipment than of line or load fluctuations. 
° . ~ ss - Type EM (Electro Mechanical) hos zero 
with this STABILINE. At no load, full load or any intermediate stage it waveform distortion. Insensitive to mag 


: . nitude and power factor of the load 
maintains constant output voltage régardless of line fluctuations. ~ cong 

yee ubeless agnetic) has no 
“This sensitive, yet ruggedly constructed, automatic voltage regulator wnt nee Pillage BP sg 


sistors. Idea! for unattended locations or 


° . ’ e,° > where failure can never be tolerated 
is a must component in today’s voltage sensitive apparatus. 





See us in 


Booth a THE SUPERIOR ELECTRIC company 
at the 


| 609 BRADLEY AVENUE, BRISTOL, CONNECTICUT 
ISA Show : 
Please send STABILINE Bulletin S657 


l 


Offices: los Angeles, California * San 
Francisco, California * Toronto, Ontario, 
Canada « Miami, Florida « Chicago, Illinois 
Baltimore, Maryland * Detroit, Michigan Address........ 
New York, New York «* Cleveland, Ohio 
Dallas, Texas * Seattle, Washington 


COs : : soho acta tah Zone 
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Frequent time adjustments are no problem with the dial head 
available on AGASTAT time/delay/relays. They provide a com- 
plete range of adjustment with I revolution of the dial. Dial 
markings permit easy calibration for accurate adjustment. And 
you can spot each of the 4 timing ranges quickly because they 
are color coded: blue from 30 seconds to 15 minutes; red from 
10 seconds to 2 minutes; yellow from 0.1 to 10 seconds; white 
from 0.1 to 3 seconds. 

Like all AGASTAT relays, units with dial heads are sole- 
noid actuated, pneumatically timed. Each model is available 
with either dial head or needle valve adjustment. Where fre- 
quent readjustment of timing is necessary, dial head adjustment 
should be specified. For bulletin on all popular AGASTAT time 
delay relays, write to: Dept. A28-920. 


Elastic Stop Nut Corporation 
of America 





1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing 





Franklin 
Model 310A 
Digitizer 


In the laboratory or on the production line, this all electronic, multipurpose 
digitizer is ideal for use as an analog to digital converter, voltmeter or data 
reduction element. Measuring voltages from 000.0-120.0 volts DC, it pro- 
vides accuracy of 0.1% of full scale and speed of 60 readings per second, 
automatically or on command .. . heretofore unobtainable at this low cost. 
Coded outputs of each significant figure in the visual readout provide a signal 
source to operate matrices, printers, punches, or categorizing equipment. 
Also available—special DC amplifiers which convert very low voltages 
(microvolt ranges) to levels useable by the Model 310A Digitizer . 


E(] Franklin Electronics, Inc. 


BRIDGEPORT, PA. 


kleclionte & Nuclear Development 
& Maunfaclaing 
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transmitting instrumentation data in 
forms readily usable by the computers 
of the future—in Los Angeles. To be 
investigated are remote metering of 
pipe-line information for oil com- 
panies and public utilities and the 
application of telemetry in the con- 
servation of natural resources( moni- 
toring their quality and quantity in 
remote areas). William A. Cooke, 
formerly with Audio Products of Los 
Angeles, is president, and Hugh F. 
Pruss, most recently chief engineer 
of the Telemetering Div. of Federal 
Electronics Corp., is vice-president 
and chief engineer. 

Daystrom, Ltd., which will handle 
sales, service, Rta lv, and manufac- 
ture of Davstrom electronic products 
in Canada—in Toronto. 


New Divisions and Groups 

An ‘‘American Center for Analog 
Computing”, the latest consulting ac- 
tivity of Pi-Square Engineering Co., 
Inc., of Boston. Major areas of inter- 
est will be design problems in con- 
trol systems, dynamics of machinery, 
and posers in hydraulics, pneumatics, 
electronics, and biology. 

A new department formed by Mag- 
netic Research Corp. for the develop- 
ment and manufacture of magnetic 
servo systems for remote indication, 
measurement, recording, and control. 
Department supervisor is C. T. 
Kleiner 

\ DataTape Div., organized bi 
Consolidated Electrodynamics Corp. 
to engineer, design, and manufacture 
a standard instrumentation line of 
magnetic-tape recording and reproduc- 
ing equipment. Division officers in- 
clude: Philias H. Girouard, formerly 
assistant director of engineering, di- 
rector; mage on sh, chief engineer; 
and Burt W. Cobb, manager of man- 
ufacturing. 

An Electronics Div. of Sperry Rand 
Corp. at Clearwater, Fla., to accom- 
modate the company’s expanded op- 
crations in new microwave and elec- 
tronic instrumenation for aircraft 
and missile systems and_ industrial 
processes. Rudolf E. Henning is di- 
rector of technical operations. 

An R&D center, billed as the most 
advanced in the west, established by 
Aerophysics Development Corp. at 
Santa Barbara, Calif. The center, and 
an adjoining engineering building, 
are the first two units of a planned 
five-unit building program to cost 
more than $5 million. 

An Industrial Products Div., which 
as a result of reorganization talks 

















2000 watts? Put your finger on CONTROL 


No need to put up with extra costs for special design of 
saturable reactors. No reason for waiting for special units 
to be designed to meet your individual requirements. 
ConTROL offers two complete lines of power reactors. 
You pick them from our catalog. We take sub-assemblies 
from our shelves, add control windings to your specifica- 
tions, and deliver complete units—fast. 

CONTROL reactors are ready in eleven sizes in both 120 
and 240 volt ranges. Our unique catalog R-10 gives you 
complete physical and operating characteristics. It tells 
you, for instance, that six ampere-turns control nearly 
2,000 watts in the largest size, and that only two ampere- 
turns are needed for the 50-watt smallest size, illustrating 
the extremely high gain of these units. 


Want to know about cut-off ratios? Conrro. reactors 
run at least 40 to 1. Want to know about construction? 
Cutaway shows you the tough, rugged design that insures 
“forever” operation with no servicing or maintenance, 
if operation is normal. 

Yes, there’s a real improvement here for harassed 
engineering departments. Standardization means reli- 
ability and quality at a competitive price. Write for Cata- 
log R-10 today and read all about it. CONTROL, Dept. 


CE-42, Butler, Pennsylvania. 


Reliability begins with CO MN TROL, 


peer or 


A DIVISION OF MAGNETICS, INC 
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Publication E.1000 
MUIRHEAD MAGSLIPS~—applications and methods of use 


| 
60 pages of technical information and diagrams for designers, 


and for users of magslips and synchros. 


‘Write for your copy today 


MUIRHEAD INSTRUMENTS INC., 677 Fifth Avenue, New York 22, N.Y., U.S.A. 
Murray Hill 8-1633 


MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 


Stratford 3717 
Kent, England 


Beckenham 004] 


MUIRHEAD & CO., LIMITED, Beckenham, 
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International Telephone & Telegraph 
Co., will take on the electronic instru- 
ment manufacturing and distribution 
chores of the Instrument Div. of the 
subordinate Federal Telephone & 
Radio Co. Headquarters for the new 
organization will be at Clifton, N. J. 
Rudolf Feldt, its vice-president, is in 
charge there. 

A Hydraulic Valve Div., formed by 
Hydraulic Accessories Corp. of Van 
Dyke, Mich., to handle valve produc- 
tion on a precision basis. 

A Reliability Assurance Section, 
which will oversee reliability of prod- 
ucts going to the military services 
from Electronic Communications, 
Inc. Said to be one of the first sec- 
tions in industry to be concerned ex- 
clusively with reliability, it will be 
staffed by 40 scientists and techni 
cians from the following groups: test 
equipment, qualification testing, com- 
ponent evaluation and reliability, and 
environmental testing. G. Wendell 
Carr, formerly head of test engincer- 
ing, will be at the helm. 

An Electro-Mechanical Dept. foi 
Hoffman Laboratories, Inc., to manu- 
facture specialized electromechanical 
gear for missiles and navigation sys- 
tems. Specific products already 
planned: servos, gyroscopes, inertial 
platforms, navigational apparatus, 
fire-control systems, and precision 
mechanical components. Laurence 
Mendelsohn, formerly at MIT’s In 
strumentation Laboratory, joins Hoff 
man as a vice-president. 

A Systems Div. to handle Collins 
Radio Co.’s expanded operations in 
communications systems. The com- 
pany expects to go into single side 
band and data transmission systems 
to complement its work in microwave 
and trans-horizon systems; in furnish 
ing them, it does everything from the 
design work to the construction of 
access roads and buildings. John D. 
Nyquist, formerly director of manufac 
turing at the Cedar Rapids, Ia., home 
office, is the new division’s executive 
director. Two new directors of sys- 
tems engineering have been named 
to work with him: Frank C. Dyer at 
Dallas and Richard M. Ringoen at 
Cedar Rapids. 

A Neutron Physics Section in the 
Atomic & Radiation Physics Div. of 
the National Bureau of Standards, 
under Randall S. Caswell, who was a 
professor of physics at the University 
of Kentucky and a physicist at Oak 
Ridge National Laboratory before 
joining the Bureau in 1952. 

A Production Test Dept. to keep 
up with increased activity on produc- 











Coffee-break Reading — 


REPRESENTATIVE 
FIELDS OF APPLICATION 


Aviation, Navigation 
Ordnance, Ballistics 
High-speed Photography 
Viscosity Measurement 
Fluid Flow 
Nuclear Physics 
Telemetering 
Chemical Reaction 
Radiation Counting 
Computers 
Facsimile 
Fire Control 
Accurate Speed Control 


School and Indl. Research Labs. 








i you are responsible for (or are engaged in 

the design, development, purchase or produc- 
tion of systems requiring precision timing, you 
realize the distinct advantage of knowing about 
the companies from .which you buy. The back- 
ground, experience, reputation of these suppliers 
and the application of their products can, as you 
know, act as a valuable guide in saving time and 
money, — not to say the avoidance of regret and 
disappointment. 

@ So, over your coffee cup, know ye that: 

@ Our products consist basically of frequency 
standards and precision, electronic forks, (50 to 
3000 cycles, accuracy to 1 part in 100,000 or 
better if required). These are available separately 
for integration with units of your own manufac- 
ture or as parts of instruments made by us. 


@ Several of our executives have engaged in the 
engineering of these frequency standards and 
precision forks for more than 20 years; a few 
more are at the 15-year mark. During this time 
we have learned much regarding the subtle idio- 
syncracies of materials and the mischievous capers 
of delicate processes. Each of our completed pro- 
duction units undergo 85 measurements. A single 
transistorized standard contains copper, steel, 
nylon, silicone rubber, glass, carbon, teflon wire, 
mylar capacitors, silicon diodes and a fork alloy 
containing 15 elements. So what? Accuracy, de- 
pendability, stability . . . superiority. 

@ In miniaturization, our staff has produced 
units which, in a 5-ounce, 6-cubic inch volume 
have proved more rugged and possess efficiency 
superior to 60-pound, 3-cubic foot units in general 
use some years ago. 

@ Our company has been in the frequency stand- 
ard business for 20 years. Instruments of our 
manufacture have met the rigid inspection and 
exacting tests imposed by governments, the armed 
forces and industry for widely varied, high-pre- 
cision timing applications. Continuing reorders 
and our consequent growth attest the satisfaction 
of our products. 





American Time Products, Inc. 
580 Fifth Avenue, New York 36, N.Y. 
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INDUSTRIAL COUNTING 


AND 


CONTROL INSTRUMENTS 


@ STANDARD COUNTERS — hundreds of models .. . 


preset counters and totalizers. 


@ SPECIALIZED COUNTERS — modular construction 


permits reasonable prices. 


@ PLUG-IN STRIPS — to use in your own applications. 
Low heat, long-life counting tubes and conservative design 


provide: 


Reliability in use — over a year in constant operation with- 
out any servicing has been reported by satisfied industrial 


customers. 


COUNTING STRIP 


For information on various in- 
puts, outputs, and counting units 
(up to 20,000 counts per second) 
. . . write for Industrial Bulletin 
— Edition II. 


Sales Representatives in principal cities. 


PRESET COUNTER 


33 UNIVERSITY ROAD, CAMBRIDGE 38, MASS. 


the most versatile 
temperature. test chamber 


for laboratory or production line... 


for testing from —75°F to +600°F 


$700.00 f.0.b. Los Angeles 


The Statham Model TC-4 portable Temperature Test 
Chamber has proven its versatility and value for years 
in such fields as the Aircraft, Electrical, Electronic, 
Automotive, and Chemical industries. Its wide operat- 
ing range—from —75°F to +600°F makes this unit the 
ideal solution for ambient temperature tests in the 
Laboratory or on the Production Line. Accurate and 
adjustable control, wide temperature range, and a prod- 
uct capacity of 600 cubic inches provide the most 
versatile test chamber available for your testing needs. 
Interchangeable extra trays may be ordered for greater 
convenience and elimination of loading delays. 


CONTROL ENGINEERING 


TEMPERATURE 
TEST CHAMBER 


Write for descriptive literature 
on this and other models, or 
wire or call for prompt reply 
on your application. 


Statham 


DEVELOPMENT CORPORATION 
12411 West Olympic Boulevard, 

Los Angeles 64, California 

GRanite 7-9157. 





| WHAT’S NEW 


tion of commercial and military mi- 
crowave products made by The Narda 
Corp. Until recently the department 
was part of the engineering labora- 
tories; an upswing in UHF and micro- 
wave manufacturing is mainly re- 
sponsible for its new status. 


Fattenings 

Anders-Lykens Co. of Lykens, 
Pa. (instrument air dryers and gas 
dehydrators) by Milton Roy Co., 
which will operate A-L as a division 
under Director Edward Anders, 
founder. Headquarters will be at 
Milton Roy’s Philadelphia office 

Electric Switch Corp. of Columbus, 
Ind. (Staley metallic mercury switches) 
to Bernco Engineering Corp. of In- 
dianapolis. 

CG Electronics Corp. of Albu- 
querque (radio-control equipment) to 
Gulton Industries, Inc. 


Fusions 


Philips Electronics, Inc., a subsi- 
diary of Philips Industries, Inc., with 
A. Hollander & Son, Inc., both of 
Delaware. 

Simplex Engineering Co., Inc., of 
Zanesville, Ohio, with Racine Hy- 
draulics & Machinery, Inc., of Racine, 
Wis. 

Reliance Electric & Engineering 
Co. of Cleveland with Master Elec- 
tric Co. of Davton. 


Other Developments 


North American Instruments, Inc., 
has changed its name to Northam 
Electronics, Inc. 

Consolidated Electrodynamics 
Corp. has changed the name of its 
Electronic Industries Div. to Alectra 
Div. “to eliminate confusion caused 
by the existence of several other com- 
panies with names similar to Elec- 
tronic Industries.” 


New Buildings 

A standards laboratory for testing 
and certifying master mechanical and 
electrical measuring devices, for In- 
ternational Telephone & Telegraph 
Corp. in Clifton, N. J.; a precision 
optical shop for Perkin-Elmer Corp. 
in Norwalk, Conn.; western district 
offices to give better service to West 
Coast customers of Applied Science 
Corp. of Princeton; new headquarters 
at Santa Ana, Calif., for Electronic 
Engineering Co. of California. 

Larger offices in Westbury, N. Y., 
for Universal ‘Transistor Products 





OIL-IMMERSED 
DESSS = "yy gua abe 


© INSTALL THEM AND FORGET: 
7, THEM. TESTS SHOW NO 
 APPRECIABLE WEAR 

2 AFTER MILLIONS 

OF STROKES. 


SI nid oo SEALED IN OIL. Each unit is sealed in its own, contamination 


proof, oil filled, die-cast housing. A convenient, plug-in base allows 
split-second replacement in case of change in power requirements. Heat 
dissipation and wear control reach a new level of efficiency in these units. 


SHOCK MOUNTED. Only DECCO can give you service-proved, 


two direction shock-mounting—a valuable bonus in the service-life of 
your solenoids. 


BETTER ENGINEERING. Minimum power loss. 30° to 50° 


cooler operation. Tremendously greater service-life. 


DECCO Solenoids are made in a complete range of types, sizes and 
mountings. AC or DC. SPECIAL SOLENOIDS will be engineered on request. 


DETROIT ) OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 


SEPTEMBER 1957 
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Corp.; a $2-million addition to Stan- 
ford Research Institute’s Menlo Park, 
Calif., facilities; an R&D center at 
College Point, N. Y., for Belock 
Instrument Corp.; an enlargement of 
facilities at Pasadena, Calif., by Bur- 
roughs Corp.’s ElectroData Div.; ex- 
pansion at Boston, Mass., by Data- 
matic Corp. 

A manufacturing plant to house the 
fabrication activities of Collins Radio 
Co., in Cedar Rapids, Ia.; another 
(the fourth) laboratory at Palo Alto, 
Calif., for the R&D center of Lock- 
heed’s Missile Systems Div.; a home 
(manufacturing, R&D, sales, and ad- 
ministration) for Minneapolis-Honey- 
well’s Valve Div., in Fort Washing- 


PRECISION enceg oa 


Designed to your requirements 





Contracts in Control 


¢ General Services Administration— 
Transistorized radiation detectors and 
dosimeter-pen chargers ($863,790) to 
| Universal Transistor Products Corp. 
A > ABRAMS ¢ Army—Navigation and flight-con- 
a trol systems for the L-20 de Havilland 
Masvee anaiean ete Beaver and the Sikorsky H-19 heli- 
copter ($1.5 million) to Ryan Aero- 
nautical Co. 
e Air Force—Course indicator air- 


y | craft instruments ($1,212,586) to 
"4 era if] ANDICON | Daystrom’s Weston Electrical Instru 


ment Corp.; axis-damping systems for 


| the Lockheed F-104 Starfighter ($5 
CONVE RTS ANALOG DATA million) to Lear, Inc.; electronic test 
| and check-out equipment for missile 


| ($9 million) to Siegler’s Hallamore 
‘| a H | Electronics Div.; a digital position- 
into ENGINEERING UNITS mn decimal form readout system to prepare silele for 
large-scale digital computer (value un- 
disclosed) to Wayne-George Corp. 
of Boston; a year’s extension of its 
ram jet engine flight-test program 
($14.5 million) to Lockheed. 
1. Modular construction ; e Navy—An experimental launching 
; : : J : system for the 1,500-mile-range Polaris 
2 See eee : ) missile ($10 million) to Westinghouse 
Electric Corp. 
¢ Civil Aeronautics Administration 
4. Serial or parallel read-out F srypes —Monitoring and control equipment 
5. Binary-coded decimal AVAILABLE: for tactical air navigation (TACAN), 
output # ae part of the VORTAC system of short- 


; i deedae range navigation ($10 million) to 
6. 10 counts per revolution Pa ° Stromberg-Carlson Div. of General 
. Latitude : , 
7. Fixed standard synchro . Dynamics Corp. 
Longitude : 
flange mount 


Tj ¢ Others—Vibration simulation sys- 
ime 
8. Lightweight —low torque 


@ MISSILE FIRE CONTROLS 
ROCKET FIRE CONTROLS 
CAMERA CONTROL SYSTEMS 
SEQUENCE PROGRAMMING 





Reduces data processing time and com- 
plexity ...in military and industrial ap- 
plications ... through these outstanding 
ITaT design features: 


3. Positive and negative 
counts available 


tem for missile and jet components 
For more information, | ($221,000) to Ling Electronics, Inc., 
write to Dept. V-192. from Convair; airborne navigation on 


° ie te systems (more than $1 million) to 
& TF Industrial Products Division General Precision Laboratory, Inc., 
from The Martin Co.; electronic 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION _ *“"¥° computers for a Navy radar sys- 
; : tem ($400,000) to Beckman’s Heli- 
100 Kingsland Road * Clifton, N. J. pot Div. from Hughes Aircraft Co. 
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Royal Precision LGP-3O Electronic Computer 


COMPACT... 
MOBILE... 
LOW IN COST... 


high-speed computation right at your desk 


The result of 20 years’ experience in the design of elec- 
tronic computers, LGP-30 puts you in complete control 
of your own engineering problems. Used right at your 
desk, LGP-30 allows you to program your own material 
without planning in detail. You modify equations on the 
spot, follow your work to completion. Thus, you eliminate 
much detailed calculation . .. uncover added time for cre- 
ative engineering. 


Ease of operation. LG P-30’s simple command structure 
offers the same complete internal programming found 
in computers many times its size and cost. Internally 
binary, serial, single address... LGP-30 enters and re- 
ports alpha-numeric information by punched paper tape 
or keyboard. 


Greatest capacity in price range. The most powerful stored 
program computer of its size yet developed, LGP-30 has 
a magnetic drum “memory” of 4096 words. Fully auto- 
matic, it performs sub-routines...executes self-modi- 
fying programs. 

Exceptional flexibility. LGP-30’s wide range of applica- 
tions includes double precision abstractions; compiling 
and diagnostic routines; 3-address interpretive routine 
with floating point abstractions; matrix operations in- 
cluding inverting and Eigen value problems; basic trigo- 


nometry and log functions; square root and roots of 
polynomials. 


Nation-wide sales and service. Detailed analysis of your re- 
quirements is available through Royal McBee’s nation- 
wide staff of trained applications engineers. 


—_—§ Ovtstanding features of LGP-30 ——__ 


Operates from regular wall outlet (110 volts AC). 
No expensive installation . .. no external 

air conditioning. 

Unusually large ‘‘“memory’’— 4096 words. 

Word length: 32 bits, including sign and spacer bit. 
Average access time: 8.5 ms. 

Optimum access time: 2 ms. 

Lowest cost ever for a ‘complete’ computer. 
Nation-wide sales and service. 








For further information, write Royal McBee Corporation, 
Data Processing Eyuipment Division, Port Chester, N. Y. 


ROYAL MCBEE 
co R 8 OR ATA OR 
ROYAL TYPEWRITERS * McBEE BUSINESS SYSTEMS 
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MERCURY ACTUATED 
Temperature Indicating 


Instruments 


41," DIAL 
THERMOMETERS 


Made in 3 types to 
suit any requirements, 
Rigid stem, wall or 
flush mounted, 11 
inches of scale read- 
ing. Interchangeable 
with standard indus- 
trial separable sock- 
ets. Stem can be 
placed at any angle 
and case can be ro- 
tated to any readable 
position. 








RECORDING 
THERMOMETERS 


Twelve inch die-cast 
aluminum case with 
black or white wrinkle 
or satin finish. Single 
or multiple pen con- 
struction. Electric or 
spring wound clock, 
24 hour or 7 Day Rev- 
olution, Flexible Ar- 
mor and bulb of stain- 
less steel. Ranges —40 
+950°F or Equivalent 
i * 





INDUSTRIAL 
THERMOMETERS 


Red-Reading Mercury 
—Extruded brass case 
— chrome finish, 
Ranges —40 + 950°F 
or Equivalent in °C, 





RED-READING 
MERCURY 
LABORATORY 
THERMOMETERS 


Thoroughly annealed 
for permanent accu- 
racy. Complete line 
A.S.T.M. and fractional 
division types. 





: WHAT’S NEW 


IMPORTANT MOVES BY KEY PEOPLE 


Missile Designer Takes 
Over Young Electronics Dept. 


The man who has taken charge of 
the year-old Electronics Dept. in the 
Hamilton Standard Div. of United 
Aircraft Corp. holds 12 patents in 
automatic control, has 28 more pend- 
ing, and has been the key figure in 
the design of guidance systems for at 
least two missiles. But that’s not all. 
Robert Main, who comes to Hamilton 
Standard from Stavid Engineering, 
also was in charge of development of 
a complete missile control program. 

Main’s principal area of interest has 
been radar and missile guidance. Aftet 
a period as research engineer for 
Robertshaw-Fulton Controls Co., he 
joined American Machine & Foundry 
at Boston, and it was here that he di- 
rected development of a guidance sys- 
tem for the Army version of the Ter- 
rier missile. Later, as operations man- 
ager in charge of electronics for The 
Martin Co., he piloted design of a 
$100-million program for missile con 
trol. And most recently, as director 
of R&D for Stavid, he led work on 
the guidance device for the Regulus 
II, as well as on an airborne homing 


Robert Main 


Abraham Fuchs 


control radar system. He is a senior 
member of the IRE. 
His new assistant manager is George 


I. Willis. 


Other Important Moves 


> Abraham Fuchs, the new head 
of the Analytical Dept. of CDC Con- 
trol Services, Inc., comes from West- 
inghouse Electric Corp., where he 
was a senior engineer in the Air Arm 
Div. He also was an engineer at the 
Bendix Aviation Research Laboratory. 
Fuchs has had extensive experience in 
the synthesis of high-performance 
servos and is the author of many pa- 
pers on the theory and application of 
control systems. 

> Robert Beck leaves the Bendix 
Computer Div., where he was in 
charge of the digital computer sec- 
tion, to become chief engineer of 
Packard-Bell Ejectronics Corp. At 
Northrop Aviation, Inc., where he was 
located before joining Bendix, he 
helped develop the Maddida special- 
purpose digital computer. As chief 
engineer, Beck will work closely with 
Max Palevsky, director of an R&D 
project aimed at development of a 


Robert Beck 


WRITE FOR COMPLETE 
CATALOG INFORMATION 


PALMER 


THERMOMETERS, INC: 


ynati 12,.Ohio + MElrose 1500 


ch 


Don Jenson 


S. C. Spielman E. F. Conklin 
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BREAKS THROUGH 
the reliability barrier 


As jet planes and missiles leave old barriers behind, 
electronic components find ever-tougher barriers of 
reliability ahead of them. Those designed for yesterday 
are already obsolete, those designed for today will soon 
be. But IRC resistors are ready now to leap ahead of 
tomorrow’s new barriers. Designed ahead of their 
time, they are also produced by “‘ahead of their time”’ 
processes and quality control techniques. This pattern 
of progress makes IRC reliability a standard unto 
itself—a standard that is yours on the widest range of 
electronic components in the industry. 


a 


on 


fesinntinrd 
ant yee les 


- om 


There is nothing theoretical about the IRC standard 
of reliability. In most of the major avionic progress- 
projects, it is being proved out by rigorous field tests. 
It is also apparent in the way IRC resistors withstand 
extreme temperature, humidity, and mechanical con- 
ditions. It is evident, too, in resistance to shock and 
vibration . . . in improved shelf life . . . in the way IRC 
resistors consistently surpass MIL spec requirements. 


> 
I 
i? 
j 
Ss 


‘ge Son a a8 em 


ao 


INTERNATIONAL RESISTANCE CO. Dept. 185, 401 N. Broad St., Phila. 8, Pa. 
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RESISTOR. . IRC TYPE MIL TYPE MIL SPEC. ; WRITE FOR IRC BULLETIN 
Fixed Composition BT RC e MiIL-R-11B B-1 
Fixed Wire Wound (Low power) BW RU JAN-R- 184 








B-5 
c-1 





Fixed Wire Wound (High power) RW MIL-R-26C 





Fixed Wire Wound (Precision) : poniiow | PH 
Meter Multiplier (Sealed precision) MF ME JAN-R-29 

Deposited Carbon DC f RN MIL-R- 105098 
Deposited Carbon (Molded) MD RN MIL-R- 105098 
Boron Carbon BC RN MIL-R- 105098 
Boron Carbon (Molded) ’ _ MB RN MIL-R- 105098 




















: MP RF MIL-R- 10683A 
High Frequency HER RF50 MIL-R- 10683A 

















Pressure Transducers Packaged Custom Networks Integrators Magnetic Amplifiers 
COMPUTER COMPONENTS Digital Logic Elements Differential Transformers Static Switches Shift Registers 





Brew Delay Lines (iiaamem 


high-speed digital computer for the 
Brew will meet our ; t f Army Computation Center at Red 
y requiremen B . e stone Arsenal, Huntsville, Ala. 
> The rew director of engineering 
. performance for Philco Corp.’s Governmental & 
° Industrial Div. is Sterling C. Spielman, 
r price who was director of p bese. engi- 
Zz) 7 neering in the division since 195] 
delivery and chief engineer in charge of TV 
receiver design before that. He joined 
Philco in 1933. Frank D. Peltier, 
named director of engineering plan 
ning, will assist him. 
> Chemtrol Corp. has named Don 
Jenson, a veteran of design and en- 
gineering projects involving pressure 
distributed constant, lumped constant, ultrasonic vent week and piping systenu, chiet 
Advenenl endinaulng and ptedection wethaienes, ses engineer. His previous affiliations in 
modern laboratory and test equipment, and large 12 alent clude Standard Steel Corp. of Los 
facturing facilities enable Brew to meet your most exacting Angeles, the AEC, and Carrier Corp 
delay line requirements. Here at Brew you have the one source > Lear, Inc., has transferred Edward 
for Distributed Constant, Lumped Constant, and Ultrasonic F. Conklin, manager of the Grand 
Delay Lines, and here you benefit from the expert knowledge, Rapids (Mich.) hy to Santa Monica, 


experience, and complete cooperation of one of the pioneer “alif hore he ke he 
delay line manufacturers. Calif... where he takes over the 


_ , Available covering an extremely wide range of character- LearCal Div. in the — capacity. 
istics. Meet MIL Specs. Send us specifications on your require- At Lear Cal there are 700 employees 
ments. working on radio communications, 
Richard D. BREW and Company, Incorporated es, eg ete gp manage 
“ ’ PAs chief industrial engineer of 
yg New Hampshire . telephone: CApitol 5-6606 ESC Corp., Edward J. Thomas will 

— * . . . 
= we oan wee ¥ manetotuee supervise production of delay lines, 
—_—______ pulse-forming networks, and related 


NEW! H-LAB TRANSISTORIZED | witi intematinst Telephone & 
* 


Telegraph Corp. and Electronic Trans- 


P 0 Ww a R 5 U P R L | E S$ he ior ks ie Cnulitaes 


Electrodynamics’ Alectra Div. have 
been filled by Willard T. Holmes, 


ideal for named director of engineering, and 
a7 y : Roy K. Stephens, who replaces him 


; i a | as director of manufacturing. Holmes 

computer use has held important posts with Traid 
' lransformer Mfg. Co., Tetrad Co., 

Inc., Tartak Electronics, and Elec- 

MODEL 800-A i tronic Industries, Inc., the recent Con- 


; , te | solidated acquisition which became 
Twin 2-30 Volts @ 1.0 Amps. 5 the Alectra Div. Stephens, most re 














: cently head of the Printed Wiring 
MODEL 800-B “ | Dept., has been with Cee-Bee Chemi- 


2-30 Volts @ 2.5 Amps / | cal Co., Construction Laboratories, 
' “ iF | Inc., and Convair. 


Features: 


* Short circuit and overload protection, with Automatic reset 
* Continuously variable * Less than 500 microvolts ripple 


* = Less than .01 volts output voltage variation from N.L. to 1.0 amps. - 
Write for complete catalog of H-Lab Power Supplies | rN -. 
|W. T. Holmes R. K. Stepl 
HARRISON LABORATORIES, INC. | Tr psickaes 


: : > Newly appointed by Beckman In- 
45 Industrial Road, Berkeley Heights, N. J. struments, Inc., are Robert M. Ward, 
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VARIABLE-AREA: FLOWMETERING 


2. VARIABLE-HEAD FLOWMETERING 


3. INTEGRATING OR VOLUME 
FLOWMETERING 


OBSTRUCTIONLESS FLOWMETERING 


FLOWMETERING... for every ftlow condition 


In a sense, Fischer & Porter sells flowmetering .. . not just flowmeters! We 
manufacture all four basic types. The selection of a particular type of 
F & P flowmeter is based on the flow conditions of your specific process 
... not on the “merits” of this or that only one-way-to-do-it flowmeter. 
To help you evaluate the many factors involved in the selection of a 
flowmeter, F & P has prepared technical briefs on the operating principles 
and advantages of the four basic types of flowmeters. These data include 
an easy-to-use selection chart and a unique cost comparator chart. 


Write for your copy, today. And remember... F & P is the only com- 
pany that manufactures all four basic types of flowmeters. Address request 
to Fischer & Porter Co., 797 County Line Road, Hatboro, Pa. In Canada, 
write Fischer & Porter (Canada) Ltd., 2700 Jane St., Toronto, Ontario. 


FISCHER & PORTER CO. 
Complete Process Instrumentation 


SEE 1.S.A. ADVERTISEMENT ON BACK COVER 
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hs 
NEN “* Syncramental 
motor provides precise 


ACTUAL SIZE 1.5” DIA. X 2.525” 


The Syncramental Motor accurately translates pulses to in- 
cremental shaft position . . . rotates potentiometers, counters, 
rotary switches, control mechanisms. Features a clutch mechanism, 
rather than ratchets, to index the shaft through action of two 
LEDEX ROTARY SOLENOIDS. 

Angular increment per pulse is 36° either direction . . . maxi- 
mum stepping rate, 15 per second .. . load capacity, up to 2 Ib. 
in. starting torque . .. life expectancy, 2 million steps .. . 
dimensions, 1.500” dia. x 2.525” long .. . weight, 13 oz.... 
standard Servo mounting. 


SYNCRAMENTAL 
MOTOR 





123 WEBSTER STREET, DAYTON, OHIO 


IN CANADA: Marsland Engineering Lid., Kitchener, Ontario 
IN EUROPE: NSF Lid., 31-32 Alfred Place, London, England 


FREE 


7t Complete Reference Manual ou 
MERCURY PLUNGER RELAYS 


For all loads up to 60 AMPS or 5 HP. 


: 
a] iad fe 
ae | FREE 
) a FACT FILE 
| a | 


and 30 day 
test details 


ae 
epeat erectRomics co 


*® 35 Millisecond Fast Action! * Hermetically Sealed! 
* Installs in one minute! * No maintenance required! 
* No pitting! No sticking! No corfosion! * No Sparks! 


Solves your relay problems once and for all 


EBERT ELECTRONICS CORP. 


212-01 Jamaica Ave., Queens Village 28, N. Y. 
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WHAT‘’S NEW 


manager of the Berkeley Div.; Thomas 
Scatchard and John Pamperin, direc- 
tors of manufacturing at the Berkeley 
and Helipot divisions, respectively; 
and Ray St. Onge, product instrument 
manager at the Process Instruments 
Div. Ward, formerly division manager 
for Thompson Products, Inc., was 
with that company for 16 years; 
Scratchard, formerly Berkeley’s plant 
manager, came to Beckman in 1956 
from Marchant Calculators, Inc.; 
Pamperin, who will have charge of 
the Helipot plants in southern Cali- 
fornia and Toronto, moves into his 
new post from that of factory manager 
for Helipot; St. Onge is a former 
Beckman field engineer 


R. M. Ward John Pamperin 


P Archie F. Boscia, named chief 
product engineer for Cohu Electronics’ 
Kin Tel. Div., comes from Stromberg- 
Carlson, where as section head of com- 
munications and navigation he super- 
vised production of airborne units for 
the ‘Tacan system. 

> William R. Hough, Walter H. 
Haber, and Hugh D. Luke have been 
elected vice-presidents for operations, 
and Richard A. Geuder has been 
elected vice-president for marketing 
by Reliance Electric & Engineering 
Co. All four positions are brand new. 
At the same time, Earl C. Barnes be- 
comes chief engineer, Jay W. Picking 
manager of the Control Div., Karl H. 
Meyer manager of manufacturing 
services, Don E. Bouffard manager of 
manufacturing in the Ashtabula Div., 
and Jonathan L. Collens and Ralph 
G. Davis assistant managers at the 
Ivanhoe and Ashtabula divisions, re- 
spectively. Hough, who stays in as vice 
president for engineering, a post he 
assumed in 1948, is a former Reliance 
chief engineer. Haber and Luke are 
managers at Ashtabula and Ivanhoe 
(Cleveland), respectively. Geuder was 
named general manager for marketing 
last March. Barnes, assistant chief 
engineer for the past year and a half, 
joined Reliance in 1940; Picking, a 
30-year man, formerly was manager of 
engineering in the Control Div; 
Mever, who came to Reliance in 





Passive INFRARED Systems End Need 
for Visible Light in Photomapping Ob- 
jectives; Concentrations and Operations 
Show Through Concealment. 


A lone photo-recon plane, slipping over 
New York one dark night in 1951 made this 
graphic shot of ground activity on the familiar 
island. And, had it been under total black-out 
conditions . . . the picture would be the same. 

For this scene was not made with visible 
light; it is an infrared photo of the heat con- 
centration on the ground—a dead give-away 
of the location of people, working machinery, 
vital installations. 


“i “blacked out” 


Any time a plane can get through to a 
target area, it can shoot a highly informative 
picture. Installations and concentrations of 
personnel show up sharply and vividly. Disper- 
sion and concealment do not provide protec- 
tion against passive infrared reconnaissance. 

Infrared radiation is an exceedingly effec- 
tive medium for detection—almost impossible 
to jam, mask, or conceal. It is an inevitable 
function of heat, becoming more intense as 
energy output grows. Passive infrared detect- 
ing devices do not reveal their own location 
in any way. 

If infrared systems for reconnaissance, 
countermeasures, and bombing are important 
to you, then information on Servo Corporation 
of America infrared systems is vital. Your 
one best source of infrared information is the 
pioneer in infrared development— 

builder of 23 different successful infrared 
weapons systems; introducer of commercial 
applications like the ‘“‘Hot Box Detective’’ 
that spots overheated freight car journals 
as the train flashes by; and builder of in- 
dustrial infrared systems that measure and 
control critical temperature. 

Servo Corporation's remote radiation pyro- 
meter systems are now serving the chemical 
processing, metal-treating and fabricating, 
plastics, and many other basic industries. 


For information on Military Infrared Sys- 
tems, send for Brochure IR 9902-56K. For 
information on industrial Infrared Systems, 
request TDS-IRPS-C. 


SERVO CORPORATION of AMERICA 


20-12 Jericho Turnpike New Hyde Park, L.1., N. Y. 
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Gurley Standard Binary Code Discs 
Now Available in Four Versions 


Gurley, manufacturer of the standard binary code disc for the 
electronics industries, is now able to supply four versions for use 
in either photo-electric, magnetic or contact types of pickups. 

Containing concentric zones of information in the gray (re- 
flected) code, the Gurley discs contain alternate clear and opaque 
sectors. Thin annular rings separating adjacent zones are opaque. 
Varying patterns record up to 8192 bits of information (65,536 
on special designs! ). 





Four coatings are available: “Type T’—photoengraver’s glue 
with colloidal (black) silver, essentially grainless; “Type R"” with 
etched metal coating, for reflectivity and transmission contrast; 
“Type M” with chemically deposited ferrous alloy possessing both 
magnetic and optical transmission contrast; and “Type C’”—metal 
bonded on glass for electrical contact use as well as in contrast of 
optical transmission. WRITE FOR BULLETIN 7000. 


W. & L. E. GURLEY * 537 Fulton Street, Troy, N. Y. 
GURLEY since 1845 
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1926, moves up from manager of man- 
ufacturing at Ivanhoe; Collens ad- 
vances from superintendent there; 
Bouffard most recently was industrial 
engineer at Ashtabula, and Davis was 
manager of manufacturing in the Con- 
trol Div. 

> Bolt Beranek & Newman, Inc. 
engineering psychologists and noise 
and vibration control specialists of 
Cambridge, Mass., has brought in 
J. C. R. Licklider from MIT, where 
he was associate professor of psychol- 
ogy, to direct its Dept. of Engineering 
Psychology. At the same time Karl 
D. Kryter, director of the Operational 
Applications Laboratory of the Air 
Research & Development Command, 
joins the BB&N department to work 
under Licklider. Both men are psy- 
chologists with PhD’s from the Uni- 
versity of Rochester and have dealt 
at length with problems involving the 
handling, communication, and proc- 
essing of information by humans. 
This is the area covered by the BB&N 
department, which concerns _ itself 
with those communication problems 
that arise from noisy, complex, or 


confusing job situations, and those 
that are brought about by the rela 
tionship of men to machines. 

> Bernard G. E. Stiff has been named 
manager of United Shoe Machinery 
Corp.’s Atomic Power Dept., the unit 
that is developing, building, and test- 
ing reactor components for the Knolls 
@ Spindle speeds up to 26,000 rpm to engrave or for ma- Atomic Power Laboratory under a 

sat etctalemeanin $3-million GE contract (CtE, May 
"56, p. 40). Under Stiff, whose depart- 
ment is in United Shoe’s Research 
Div., are about 130 scientists, techni- 
cians, and production personnel. Be- 
fore coming to United Shoe, he was 
¢ MODEL D2 HEAVY-DUTY 2-DIMENSIONAL chief mechanical engineer for High 

@ 575 pounds-rigid, sturdy, | @ Micrometer adjustment Voltage Engineering Corp. of Bur- 

precise for depth of cut lington, Vt. 

> Chief engineer of Perkin Engi- 
neering Corp.’s new Heavy Duty Rec- 
tifier Div. is Richard A. Rall, most 
recently with Hughes Aircraft Co. in 
the Ground Systems Div. and before 
that chief engineer of Inet, Inc. He 
has also been with Summers Gyro- 
scope and Collins Radio. The new 
division will concentrate on selenium, 
germanium, and silicon units for in- 
dustrial applications. 

> Norman Perlmutter, raised from 
chief engineer to vice-president of 
Systron Corp., will direct his com- 
j ; | pany’s technical development activi- 
@ Taper shank cutters | ties, primarily in the fields of data 
| processing and automatic control sys- 
tems. His previous affiliations include 
Beckman Instruments’ Systems Dept. 
(chief engineer and assistant general 


@ Fastest possible copy set-up 
@ Greatest ease and speed of adjustments 


@ Cutter grinders, rotary tables, master letters, compound 
slides, name plate blanks and all required accessories 


@ Vertical adjustment of @ Ball bearing construction 
copy table automatic throughout — super pre- 
with Pantograph cision ball bearings in 

@ Unobstructed on three aes 
sides to take large work @ Ratios 2 to 1 to infinity 

— master copy area 


@ Vertical range over 10 26" x 10" 


inches 


MODEL 106 PORTABLE BENCH MODEL- y 
2- OR 3-DIMENSIONAL 


@ 40 pownds of unbeatable speed and @ One copy carrier (supplied) accep 
accuracy at a reasonable price all master sizes 


@ Perfect for all machining applications | @ Height of pantograph and position 
within its range cutter are continuously adjustab 


@ Bail bearing spindle has three speeds © @ Work up to 10” by any width 
up to 14,000 rpm 


@ 5 positive, accurate pantograph ratios 


GREEN INSTRUMENT CO., INC. 


395 Putnam Avenue 
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EOFFNER TYPE 190 


DATA AMPLIFIER 


5 


* d-c Amplifier with 
zero drift and 1/100th percent 
gain stability 


For amplification of thermocouple, strain gage, and 
similar low level signals the Type 190 Data Amplifier 
provides a combination of features available in no 
other amplifier: 
ap 
-_™ 





Infinite rejection of common-mode d-c 
signals é 
One microvolt input resolution 
Gain stability of 0.01% 

Rapid step input response oc ate ; ® ele 


Linearity of 0.05% 


@®6 0 
= oan eaten | on 
The true differential response of the Type 190 provides Four Type 190 Amplifiers mounted in BM190 modular 


























increased accuracy and simplified installation for data 
reduction, control, and similar applications. With in- 
finite rejection of common d-c signals, and a rejection 
ratio at 60 cps of the order of a half million, errors due 
to ground currents are completely eliminated, and 
pickup problems greatly diminished. 

The Type 190 is designed for fixed-gain operation from 
low impedance sources, into high impedance load. 
Gain may be set at values ranging from 160 to 1200. 
Amplifier characteristics are unchanged at ambients 
from —67°F to +170°F. Ask for bulletin No. 572 giving full technical information 


rack unit with Type 390 power supply. 


Price of Type 190 Amplifier 
Type 390 Power Supply, for up to 
four Type 190 Amplifiers 
Type BM190 Rack Unit for four Type 
190 Amplifiers and Type 390 Power 





OFFNER DYNOGRAPH Direct-Writing Oscillograph 


Zero-drift d-c recorder with microvolt sensitivity. One amplifier type 
covers all requirements. 


Models for one to 19 channels. 


~ ae ; ON DISPLAY 
Rectilinear or curvilinear recording. BOOTH 212 


S.A. SHOW 
Ask for bulletin No. L-861 


~ 
OFFNER ELECTRONICS INC. 


5320 N. Kedzie Avenue, Chicago 25, U.S.A. 
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USE ‘DIAMOND H’ 
‘SERIES R RELAYS 


Where the temperature hits 200°C 

.or drops to --65°... where a 

dry circuit is downright arid ...or 

a power circuit employs 10 amperes (or even 20 amps for a 
short life need) ... your best bet for reliability is a “Diamond 
H” Series R miniature, hermetically sealed, aircraft type relay. 
Their shock and vibration resistance you may take for granted. 

Variations on the basic 4 PDT Series R relay perform out- 
standingly over such a broad area that they are frequently used 
to do many different types of jobs in a given application, with 
resultant savings in spare part inventories. The range of possi- 
ble characteristics covers: 

Various brackets of vibration resistance from 10 to 2,000 
cps, coil resistances from 1 to 50,000 ohms, operational shock 
resistances of 30, 40, or over 50 “G”; mechanical shock resist- 
ance to 1,000 “G”, contact capacities from 350 V., D.C., 400 
MA, to 10 A., at 30 V., D.C., as well as signal circuits. 


For complete information send for a copy of Bulletin R-250. 


THE HART MANUFACTURING COMPANY 
165 Bartholomew Avenue, Hartford, Conn. 


HOW 10 
PROGRAM 





MODEL 212A ...0 to 100 V de, 
any ramp or step 100 ma. Regulation 0.1% or 0.02 
4 It ti f load and 
function oie, Senet 40 ie 
32" H x 19" W x 914" D. Price 
$129.00 unmetered. Other models 

up to 3 amps. 


PREGATRON (super-regulated) Power Packs have an 
exclusive programming feature that offers unlimited possibil- 
ities for your programming requirements. Here’s how it 
works. Inserting a resistance across the programing input 
— the REGATRON’s d-c output voltage in the ratio of 
a . Le., the output voltage always equais ani of the 
resistance value. Use a variable resistor or potentiometer for 
ramp functions; switch in fixed resistors for step functions 
and set points. Local or remote operation. 

And of equal importance, REGATRONS always deliver 
full current over their entire voltage range — even down to 
a. fraction of a volt . . . with the super-regulation and 
stability that heed a REGATRON can give. 

® Registered U.S. Patent Office. Patents Pending. 








FREE BULLETIN. No obligation. Just 
attach this ad to your letterhead, or write 
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manager), Berkeley Scientific Co. (in 
charge of the Special Products Dept.), 
and RCA, Westinghouse Electric 
Corp., and The Martin Co. 

> Two assistant chief engineers have 
been appointed by ‘Texas Instruments, 
Inc.: L. D. Strom, who has been on 
leave of absence earning his PhD in 
EE from the University of Texas, and 
W. R. Hedeman Jr., formerly chief of 
electronics design at Chance Vought 
Aircraft and chief engineer of R&D at 
Bendix Radio. Both men will work on 
military electronics in the company’s 
Apparatus Div. 

> John L. McLucas is the new presi 
dent of Haller, Ravmond & Brown, 
Inc., succeeding Robert V. Higdon, 
who becomes vice-president for long 
range planning for ‘lopp Industries, 
Inc., the parent company. McLucas 
came to HRB from the AF Cambridge 
Research Center in 1948 and was ap- 
pointed vice-president in 1950 and 
vice-president and technical director 
of ‘Topp in 1956. 

> Edward R. Gamson has left North 
American Aviation, where he was re- 
liabilitv coordimator for the Autonetics 
Div., to become director of manu 
facturing for ‘Telemeter Magnetics, 
Inc., Los Angeles computer-memory 
producer. 

© Stanford Research Institute has 
appointed Kenneth R. Eldredge di 
rector of its Engineering Research 
Div. and Manning Hermes manager 
of the Control Systems Laboratory, 
succeeding Eldredge. Eldredge, who 
established the laboratory, is known 
for his work in paper-handling tech- 
niques, printed circuitry, and elec- 
tronic control systems, He supervised 
special electronic instrumentation de- 
velopment for Standard Oil Co. and 
worked in the U.S. Office of Naval 
Research before joining SRI in 1953. 
Hermes, head of the Basic Sciences 
Group since 1956, was a long-time 
member of the Santa Clara faculty 
and later with IBM. 

P Westinghouse Electric Corp. has 
transferred W. H. Brandt from its 
Director Systems Dept., where he was 
cngineering manager, to the Sunny- 
vale (Calif.) Mfg. Div. as director of 
dvanced svstems engineering. L. W. 
Golden, overall manager of DSD, also 
moves out, to become manager of the 
General-Purpose Control Dept. at 
Buffalo, N. Y. His successor is R. W. 
Lang, formerly manager of manufac- 
turing for DSD. In his new post, 
Brandt will direct work on special 
studies related to the development of 
handling and launching systems for 
the Polaris missile. He joined West- 
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SCIENTIFIC 
RESEARCH 


MEDICINE METALWORKING AERONAUTICS PROCESSING COMMUNICATIONS 


plethysmograph 
pulse oscillograph 
sphygmomanometer 


electronic comparator 
Capacitive micrometer 
thickness measuring 


vibration pickups 
gyro rotor preload 
micrometer 


micro balance weighing 
humidity measurements 


light beam modulation vacuum measurement 
signaling devices 
electronic manometer pressure mea: 


n measurement 


urement 


systems altimeter 


Decker Aviation is a company of ideas. 


Not long ago, for example, Decker 
took the idea of an ionization transducer 
and brought the idea to reality ... then 
used it imaginatively to solve pressing 
problems in any number of far flung 
fields. 

In medicine, Decker applied the trans- 
ducer to the improvement of such basic 
instruments as the plethysmograph ... 
giving medical researchers a new magni- 
tude of sensitivity in their explorations. 

For geophysical research, Decker 
ideas made possible instrumentation 
that, mounted in the nose of an Aerobee- 
Hi rocket reaching an altitude of 125 
miles, continuously and accurately meas- 
ured both ram and ambient atmospheric 


pressures at speeds in excess of a mile 
per second. 

Applying new ideas to the micrometer 
comparator, Decker gave the production 
line an instrument for measuring an ob- 
ject without physical contact to within a 
few millionths of an inch. 

All the examples listed on this page 
hardly begin to show the extent of 
Decker accomplishments. For one prob- 
lem after another, we have found the 
idea .. . developed it into a solution... 
built prototypes . .. even manufactured 
finished instruments. 

We would honor an opportunity to 
evaluate your problems. Our ideas may 
very well be their solution. 


Philadelphia, 25 
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Write for latest catalog 


covering the complete line of 


B, 


W Induction Relays, Induction 


Relay Switches, Relay Enclosures, 
Contactors and Starters, Multiple 
Pump Controls, Electrode Holders, 
Starter and Relay Combinations, 


Special 


Controls and Panels. 


B/W CONTROLLER CORPORATION 
2212 E. Maple Road, Birmingham, Mich. 


FIRST IN 
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LESS CONMTROL FIELD | 





BUCHANAN --for your 


MEDIUM DUTY 
pres-SURE-blocks 
(Channel Mounting) 


ee, 


HEAVY DUTY 
pres-SURE-blocks 
(Channel Mounting) 


“ONE PIECE” 
Terminal Blocks 


Send for Bulletin CE-9 
IN CANADA 
EXPORT 


MEDIUM DUTY 
pres-SURE-blocks 
(Direct Mounting) 


ce 


HEAVY DUTY 
pres-SURE-blocks 


terminal block 


Requirements 


SECTIONAL pres-SURE-blocks 

(for #22 thru #4 wire-750 volts) 
Medium Duty: 

#22-#8, contacts on 7/4" centers. 
Heavy Duty: 

#18-#4, contacts on 5/." centers. 

Any number of circuits — 

assembled without fastening hardware. 

Complete blocks or separate sections. 

Direct or channel mounted. 

Integral or separable marking strips. 


Contacts for stripped or terminal- 
ended wires. 


(Direct Mounting) "ONE PIECE" TERMINAL BLOCKS 


GASACCUMULATOR CO., (CANADA) LTD. 
12 Gower St., 
PHILIPS EXPORT CO., INC. 


Toronto 16, Ont. 


(for #16 thru #6 wire-750 volts) 
Contacts on 5/." centers. 
4, 6, 8, or 12 circuits. 
Screw, thumb screw or hinged covers. 
Contacts for stripped or terminal-ended wires. 
Jumper bars available. 


ELECTRICAL PRODUCTS 
CORPORATION 
HILLSIDE, NEW JERSEY 


100 E. 42nd St., New York, N.Y. 
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inghouse in 1936 and has held man- 
agerial jobs in research, materials en- 
gineering, feeder engineering, and 
new-products engineering. 

> H. W. Cory is the new assistant 
manager of Allis-Chalmers Mfg. Co.’s 
Control Dept., and W. F. Eagan is 
the new man in charge of control 
engineering. Cory joined the company 
in 1941 and has been chief engineer 
in the department since 1955. Eagan, 
supervisor of regulator engineering 
and circuit development since the 
same year, came to A-C in 1947. 

> Paul E. Twohig has been named 
manager and Abraham A. Perez senior 
systems engineer in the Product De- 
velopment Dept. of National Cash 
Register Co.’s Electronics Div. ‘Two- 
hig comes from the Dayton Branch 
of PDD. Perez, most recently a senior 
systems engineer at Datamatic Corp., 
has also been with Hycon Eastern, 
Inc., RCA Victor, Alden Products 
Co., Manila Observatory, and the 
University of Manila, where he taught 
physics. 

> Eastern Air Devices has appointed 
Edmond J. Burke, formerly section 
head in the Engineering Dept., assist- 
ant chief engineer. He was with 
Brewster Aircraft Co. before joining 
Eastern in 1946. 

> New control-field representatives 
on the Committee on Commercial 
Uses of Atomic Energy of the U. S. 
Chamber of Commerce include: 
Gordon Dean, senior vice-president, 
General Dynamics Corp.; George 
Havas, vice-president and _ general 
manager, Kaiser Engineers; Raymond 
F. Jahn, president, Ford Instrument 
Co.; Michael Michaelis, coordinator 
of nuclear energy stuides, Arthur D. 
Little, Inc. 

> The new director of research for 
Mycalex Corp. and its associated com- 
panies is Arthur J. Warner, who most 
recently was chief engineer of the 
Rectifier Div. of Standard Telephones 
& Cables, a division of IT&T, in his 
native Great Britain. He will have 
responsibility for the materials and 
product phase of a new Mycalex pro- 
gram in electronic components and 
glass-bonded mica, cermoplastic in- 
sulation, and synthetic mica. He was 
with various IT&T companies from 
1930 until his present appointment. 

> New senior research engineers at 
National Cash Register Co. are Nor- 
man Nisenoff, formerly with the Sig- 
nal Corps Engineering Laboratories, 
and James E. Meinhard, formerly with 
General Electric Co.’s Hanford atomic 
products operation at Richland, Wash. 
Nisenoff supervised work in digital 





LIMBERING UP LUMBER-HANDLING WITH 


CY PAK 


by putting memory into the carriage conveyor system 
at Lutcher & Moore’s Orange, Texas Mill 


CYPAK* static controls—outliving conventional 

relays 15 times over—are now being used at Lutcher & 
Moore’s Orange, Texas Mill to control resaw conveyors on 
the lumber industry’s first aluminum log carriage. 


By putting memory into the carriage conveyor system, CYPAK 
automatically and unerringly separates waste from 

good boards, diverts slabs to the chipper, automatically 

sorts and grades, and returns boards requiring another cut 
back to the saw. Result: a faster, more efficient 

operation . . . substantial savings in materials handling . . . 
greater utilization of raw materials. 


For complete information about the ways CYPAK can 
benefit you, call your Westinghouse sales engineer. 

Or, write Westinghouse Electric Corporation, 

Box 868, Pittsburgh 30, Pennsylvania. _J-22063 


you CAN BE SURE... iF ITS 


Westinghouse 


*Trade-mark 
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RESISTANCE THERMOMETER 
INTRODUCING STRAPON ... NEWEST ADDITION 
TO THE RdF FAMILY OF SURFACE TEMPERATURE 
MEASURING DEVICES 


STRAPONS, developed by Arthur C. Ruge Asso- 
ciliates Inc., answer the need for a moisture 
resistant, portable, reusable and truly flexible 
surface temperature transducer. 

Usable from — 100°F to 500°F, the 
STRAPON consists of a STIKON-type ele- 
ment (similar to the SN-1) intimately bonded 
to a thin (.002”) stainless steel backing with 
an overmold of SILASTIC permitting usage 
in the presence of @ radioactive fields e high 
humidity e water e alcohols e salts @ min- 
eral and vegetable oils e certain acids and 
caustics, etc. 

STRAPON flexible leads — supplied in any 
length — are molded in place and insulated 
with silicone rubber. STRAPONS are also 
available mounted on a backing plate for 
ambient or for surface measurement. 

In addition to RdF STRAPONS and standard STIKONS, we manufacture a wide 
variety of special elements and systems for temperature measurement and 
control. Send for free literature or write stating your special problem. 


ACTUAL SIZE 


- “STRAPON CLAMP 
—one of many 
adaptors available 


ARTHUR C. RUGE ASSOCIATES INC. 


733 CONCORD AVENUE, CAMBRIDGE 38, MASSACHUSETTS 





Designed especially for 
panel-mounting, new model 
109-1 reads down to 

20 microvolts on its 1 MV 
range with 2% full-scale 


low-level BUILD-IN AC VIVM 
with BUILT-IN ISOLATION cn 


> 20-80,000 cps... features 
signal & power circuits 
and mounting 

panel all isolated from each 

other... extreme stability 

— wide line variations do not affect 
accuracy .. . calibration of gain 

and frequency response without 

removal from panel... 

feedback and printed circuitry for 
exceptional reliability and 

simple maintenance... 

size 5%” hx 942” wx 9%" d — 

panel fits standard modular-type 

consoles. Price $199.50 

Write for FREE “how-to” 

ENGINEERING GUIDE on Trio’s complete 
line to Dept. CE-9, Trio Laboratories, Inc., 
Seaford, N. Y. 


when ordinary instruments are 
too big or inadequate .. . 


trio 
A ... the leader in panel-mounting 
electronic instruments 
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computer techniques at SCEL; Mein 
hard was a research chemist and prob 
lem leader in charge of fundamental 
and applied research programs. 

> Richard T. Denton, who is work- 
ing for a doctorate in engineering at 
the University of Michigan, is the win- 
ner of the first National Electronics 
Conference fellowship in electronics. 
The $2,500 award is supported by 
eight universities (Illinois Tech, 
Northwestern, University of Illinois, 
Michigan, Michigan State, Purdue, 
Notre Dame, and Wisconsin), and 
four societies (AIEE, IRE, Radio- 
Electronics Television Mfrs. Associa- 
tion, and Society of Motion Picture 
& Television Engineers). It’s good for 
a year at any one of the schools listed. 

P Robert L. Burr, recently with 
Northrop Aircraft, Inc., has joined 
Mycalex Electronics Corp. as a tele- 
metry specialist. He has had additional 
instrumentation and telemetry experi 
ence with Bell Aircraft Corp. and 
Spaulding Fiber Corp 

P'The Systems Div., Daystrom, 
Inc., appointed Manny Otis, formerly 
with the AF Cambridge Researci 
Center's Computer Laboratory, as a 
systems engineer. At the Cambridge 
Center he worked on magnetic-core 
memories for a radar data-processing 
digital device; at Daystrom he’ll spe 
cialize in the logical design of systems 
using magnetic and transistor compon 
ents, and in the development of dig: 
tal circuits. 

> New manager of the Product En- 
gineering Section in ElectroData’s 
Small Systems Diy. is John E. Ranks, 
formerly project manager for missile 
devices at Hycon Mfg. Co. 

> Richard Ochs, formerly vice-presi- 
dent for American Measuring Instru- 
ments Corp., has joined Philips Elec- 
tronics, Inc., as production manager 
of the Instruments Div. His duties 
will involve x-ray diffractometers, spec- 
tographs, diffraction units, and Autro- 
meters. 

> Frederick A. Mitchell has been 
named assistant chief engineer for 
Stromberg-Carlson’s Electronics Div. 
He joined the company in 1942 and 
has been a section head in the divi- 
sion since 1956. 

> Two new GE managers are M. R. 
Johnson, who heads up the new Ar- 
mament & Control Section of the 
Light Military Electronic Equipment 
Dept., and Hugh R. Lowry, who takes 
over application engineering in the 
Semiconductor Products Dept. John- 
son, formerly manager of engineering 
in the LMEE Dept. and a holder of 
several citations for his work in trans- 





R-B-M Miniature Multipole 
Relays of Proven Reliability 


Light weight, Small Size Open and Hermetically Sealed Types 


for Electronic and Communication Application 


APPLICATION: R-B-M Miniature Multipole Relays are used where the 
prime factors in switching electronic circuits are small size, light weight and 
reliability. These proven designs are produced for switching low power 
circuits, low capacitance circuits and power circuits. 125° C insulation now 
available on some versions. Coils can also be designed for plate circuit. 


CONSTRUCTION: 


Magnet Frame—Four sizes available on open type relays and three sizes 
on hermetically sealed type. 
Contacts—Cross-bar palladium welded to nickel silver springs or button 
contacts on Beryllium copper springs. 
Terminals and Mountings—Glass headers provided with either solder 
or plug-in type terminals with many various types of mountings available. 
Octal type plug-in headers can be provided on the HL enclosure. Plug-in 
terminals to fit either 9 or 14 pin standard sockets. Maximum of 14 
pins for solder connections. 


TYPICAL SPECIFICATIONS * 





Maximum 
Coil 
Resistance 


(OHMS) 


Minimum 
Power 
Requirements 
Per pole at 
25° C(WATTS) 


Meximum Contact Form With 
rated current at 32 V.D.C. or 115 
V.A.C. (non-inductive load) 


Maximum 
Coil Watts 





9,000 





9,000 








18,500 


9,000 





18,500 








1.0 





4 PDT 5 Amps. or 3 Amps. 
6 PST 3 Amps. ed 

SPNO Perallel Contacts 
Make 80 Amps. Break 20 
Amps. at 32 V.D.C. t 
4 PDT 5 Amps. or 3 Amps. 
6 PST 3 Amps. 

4 PDT 5 Amps. or 3 Amps 
6 PST 3 Amps. é 

SPNO, SPDT, DPNC, SPNC, 
DPNO 


SPNO Parallel Contacts. 
Make 80 Amps. Break 20 
Amps. at 32 V.D.C. 








375 


3.75 


4.5 
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*Other ratings and specifications available. 


For additional information write for Bulletin No. 1050 
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*ESSEX ENGINEERED 
production a products 


WIRE AND CABLE 


A full “Extra Test’ line of lead, test lead, 

appliance, automotive and refrigeration 

wires, plus submersible pump cable and 

200° C. Sil-X insulations are examples of 
the versatility of “Essex Engineering”. 

Wire and Cable Division 

Fort Wayne, Indiana 


MINIATURE RELAYS 


The Type MS Miniature Sensitive Relay is 
ideal for any application requiring a com- 
pact, highly reliable single pole D. C. device, 
where a low cost solution is required becouse 
of volume usage and competitive problems. 
Request Bulletin No. MS-1. 
R-B-M “Control” Division 
Logansport, Indiana 


COILED CORDS 


The “spring” in Coiled Cords automatically 
synchronizes with moving components that 
are electrically powered. There are no loop- 
ing, tangling cords in the way... because 
Coiled Cords extend and retract as needed. 
Write for new literature. 

Cords Limited Division 


DeKalb Illinois 
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RBM DIVISION 


Manufacturers of Magnetic 
Controls and Devices 


[vocoansrorr, INDIANA 
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(sOTTOM View) 
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Wound on ferrite cores, the Type M series is available in a variety of 
windings to cover pulse widths from 2 microseconds down to .05 micro- 
second, wound inverting or non-inverting. 


While the M series is particularly adapted to subminiature and transistor | 
circuits, we design and build pulse transformers to fit specific circuits or | 


to meet definite mechanical or thermal requirements, including MIL-T-27A. 


Additionally, Technitrol makes a complete line of lumped and distributed 
parameter Delay Lines and a variety of electronic test equipment. 


For additional igo 


information, yy 
write today for j ECHNITROL 


our bulletin Y ENGINEERING COMPANY 
Wb WU 1952 E. Allegheny Ave., Phila. 34, Pa 
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mitters, will have headquarters at 
Johnson City, N. Y. He joined the 
company in 1932. 

>The W. L. Maxson Corp. has 
named Irving Leeds manager of trans 
former engineering in its ‘Maxson In- 
struments Div., and Gordon A. Carl- 
son vice- president at Old Forge, Pa. 
Leeds has been assistant chief engi- 
neer at American Bosch Arma Corp. 
and chief engineer at Ferranti Elec- 
tric, Inc., Carlson vice-president, 
director, and general manager of Kear- 
fott Mfg. Corp. 

> Joachim W. Muehlner, a German 
scientist who was brought to this 
country after World War II to direct 
the high-frequency and telemetering 
laboratory in the R&D Div. of Army 
Ordnance at Fort Bliss, 'Tex., has been 
appointed a consultant in Lockheed’s 
Missile Systems Div. at Palo Alto, 
Calif. A former associate of Wernher 
von Braun, Mucehlner left Fort Bliss 
in 1950 to become technical director 
of the Range Instrumentation Devel- 
opment Div. of Army Ordnance at 
White Sands Proving Grounds, N. M., 
and later joined the instrumentation 
Section of Holloman AFB. 


McKay Professor Gets Key 
Harvard Engineering Post 


Harvey Brooks, who has been Gor- 
don McKay professor of applied phys- 
ics at Harvard University since 1950, 
has been appointed dean of engineer- 
ing and applied physics there, suc- 
ceeding John H. Van Vleck, Hollis 
professor of mathematics and natural 
philosophy. The changes will take 
place in September, when Van Vleck, 
who has headed the E&AP Div. since 
1951, begins a sabbatical to Europe 
and the Orient. 

Brooks, now in England doing re- 
search as a Guggenheim fellow at The 
Cavendish Laboratory, Cambridge, has 
had experience in industrial and gov- 
ernmental research as a research asso- 
ciate of the Underwater Sound Lab- 
oratory at Harvard during the war, as 
professor of engineering research and 
assistant director of the Ordnance Re- 
search Laboratory at Pennsylvania 
State University, and as a research 
associate and associate laboratory head 
of the Knolls Atomic Power Labora 
torv, where he worked on GE’s first 
nuclear reactor. He is a fellow of the 
American Physical Society, the Acous- 
tical Society of America, and the 
American Academy of Arts & Sciences. 

Van Vleck, whose Hollis professo: 
ship is the oldest endowed chair of 





science in North America, came to 
Harvard in 1935 from the universities 
of Minnesota and Wisconsin, where 
he taught physics. During the war he 
steered Harvard’s Theory Group in 
the Radio Research Lab and acted as 
a consultant to the Radiation Lab. 


Trumpler Heads ME School 
at University of Pennsylvania 


In another important change in 
academic circles, Paul R. Trumpler, 
professor of mechanical engineering in 
charge of machine design at Illinois 
Tech, becomes director of the School 
of Mechanical Engincering at the Uni- 
versity of Pennsylvania and professor 
of mechanical engineering there. Lee 
N. Gulick will relinquish his duties as 
head of the U. of P. school in Septem- 
ber, but will continue as professor of 
mechanical engineering and_ senior 
research engineer in the university’s 
Institute of Cooperative Research. 

Trumpler left Illinois Tech in 1941, 
where he had been instructing in heat 
power engineering, to go into industry, 
first as a development engineer with 
Western Electric, then with the M. W. 
Kellogg Co., and finally with Clark 
Bros. Co. He returned to the univer- 
sity as a professor in 1949. 


Four Young PhD’s Earn 
Harvard Professorships 


The word is that contro] engineer- 
ing is a young field, and Harvard 
University’s recent appointments of 
four assistant professors on the 
Gordon McKay Endowment proves 
it. Youngest of the four, all of whom 
hold PhD’s, is Harvey Greenspan, 24, 
an applied mathematician whose 
belt is already notched with work 
done for aviation research centers of 
the Navy, the Air Force, Cornell 
University, North American Aviation 
Co., and Avco. Next, going up age- 
wise, is Peter Calingaert, 25, who has 
been on the staff of the Harvard 
Computation Laboratory since 1955. 

[hen comes Richard V. Jones, 27, 
a former senior engineer in the 
Shockley Semiconductor Laboratory 
of Beckman Instruments, Inc. He 
worked there on transistor design and 
semiconductor crystal technology. He 
has also done research in paramagnetic 
resonance and diamagnetic resonance 
in gas plamas. Finally, there is 
Anthony O6ettinger, 28, a linguist 
and applied mathematician who has 
been doing pioneer research in the 
Computation Laboratory on machine 
translation of scientific Russian. He 
has also served as a consultant to 
Arthur D. Little, Inc., the Air Force, 
ind IBM. 


ELAY LINES 


standard or specially designed 


BY TECHNITROL 


These extra-compact delay lines assure a minimum 
of pulse distortion with maximum stability under 
ambient temperatures... and ina minimum of space. 
They can be had pencil-thin in plug-in, pig tail or 
fuse-clip mounting. Available cased or dip-coated in 
epoxy resin as well as hermetically-sealed units for 
military application ... with any desired characteris- 
tics of impedance or frequency response. Typical are: 


@ Delay: 0.01 to 6ys 


e Characteristic Impedance: 
400 to 5600 ohms 


e Band Pass Characteristics: 
Unique windings furnish 
maximum band width for 
given delay per inch. 


We are prepared to design lumped constant or 
distributed constant delay lines for your par- 
ticular circuit applications. 
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ANALOG COMPUTER 
MODEL 3000 


Simplified analog computer solves wide va- 
riety of engineering problems. Detachable 
problem boards and plug-in components fa- 
cilitate rapid problem set-up. 


Can be expanded building block fashion to 
larger computing system. Function generator, 
multiplier, chopper stabilizer, and other ac- 
cessories available. Write for complete data. 
Model 3000, $1150, FOB Factory. 

Problem board $95 


SCIENTIFIC 

f) 0 f] ne f company 
&27 Galindo Street 

Concord, California 
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Reactor Control 


From Part IV, Sections D, E, and 

F of “Experimental Boiling Water 

Reactor’, prepared for the U.S. 

Atomic Energy Commission by Ar- 

gonne National Laboratory, Uni- 

versity of Chicago. Publication No. 

ANL 5607, 232 pp. U.S. Govern- 

ment Printing Office, 1957. 

The instrumentation of the new ex- 
perimental boiling water reactor at 
Argonne National Laboratory may be 
divided into three categories: nuclear, 
radiation monitoring, and plant. 

The instruments used to measure 
the neutron density of the reactor have 
a wide variety of power, flux, and cur- 
rent ranges. ‘Two fission counter 
chains, used during reactor startup to 
read multiplication of neutrons at 
source level, accommodate either BF, 
or fission pulse chambers as sensing 
elements. The electrometer, a sensitive 
current-measuring instrument with a 
vibrating capacitance modulator, 
measures the output current of a com- 
pensated ionization current chamber. 
It has a minimum sensitivity of 3x10° 
amp full-scale and a maximum sensi- 
tivity of 3x10 amp full-scale. 

In addition, there is the micromi- 
croammeter, a modulated chopper- 
type de amplifier with a variable in 
put resistor. Its output is displayed on 
a meter at the reactor console and is 
connected to a linear recorder through 
a selector switch. The linear flux re- 


corder displays both the output of the 
electrometer at low power levels and 
the micromicroammeter output from 
intermediate to full power level. A 
galvanometer chain, a log-period chain 
with log-flux recorder, and three safety 
trip chains that shut down the reactor 
under high flux conditions complete 
the nuclear instrumentation. 

The radiation monitoring system 
has been designed to: 

P register any changes in radiation 
levels which may indicate abnor 
mal operating conditions or con 
tamination from fission products 

> indicate general conditions of per- 
sonnel safety 

P initiate reactor shutdown and 
closure of building air inlet and 
exhaust systems when there is an 
excessive amount of radiation pres 
ent in the building exhaust ait 

I'he overall system consists of 14 
gamma monitor channels and one spe 
cial channel for detecting fission prod- 
ucts in the condenser exhaust air. The 
detector for each gamma channel is a 
gamma-sensitive ionization chambet 
connected to an amplifier by a few feet 
of coaxial cable. All gamma amplifier 
circuits are of the de feedback type 
with range switching over four dec 
ades. 

All instrumentation of plant param- 
eters is by electrical transmission, a 
gastight seal at the building shell be- 
ing maintained by cementing the wires 
into troughs. Closed-circuit TV pro 
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Get Your Own B-NOBATRON ! 


Multipurpose B-Power Source Available in Five Models, Ranging from 
300 to 1000 VDC Tops; Low Ripple, Accurate Regulation; Provide 
Filament and Bias Current in Addition to High Voltage Output. 


Here’s the economical and lasting answer to B-Power supply needs for nearly every 
laboratory, and many industrial operations. Nobatrons are built to last, and serve 
without maintenance. Damage to the Nobatron and its load is prevented by input and 
output fuses. Five models offer ranges of: 0-300 VDC, 0-325 VDC, 0-500 VDC, 
0-600 VDC, and 200-1000 VDC. All but the largest model deliver 6.3 volts for 
filament supply and all but the 300-B and 1000-BB offer 0.150 volt regulated bias. 
Regulation accuracy is within a maximum tolerance of .5%*, and ripple 
is held to five millivolts RMS or below (except for 20 mv. maximum on the 
200-1000 VDC model). Input range is 105 to 125 VAC, with frequency of 50, 60, 
or 400 cycles. B-Nobatrons may be used in either cabinet or rack mountings, and are 
a handsome contribution to their quarters. Your local Sorensen representative will be glad 
to tell you all about thése B-Nobatrons. Write directly for technical data, to 
SORENSEN & COMPANY, INC. Richards Avenue, South Norwalk, Connecticut 


*Only .15% maximum variation on the 0-300 
and .25% on the 0.600 models. 


SPECIFICATIONS 
} 
Model 300B* 3258 


~ Dutput 
Voltage VOC 0-300 0-325 


utput 
Surrent Ma 0-150 0-125 


>gulation 
racy +0.15%** +0.5% 


iple 
RMS) 5 max 
fas Supply 
(voc) 


Max. Bias 
Circ. Imp. _ = 
(Ohms) - oC 25000 


Max. Int. 
imp. (Ohms) J 0 2.0 2.0 
AC Voltage ’ 6.3/10 63/15 
(CT Unreg.) —_ Ips amps amps 
: Filament 6.3 at — ~ _ 
~ omnes a “ Voltages 5 amps, — 4 
A arailiel (two outputs) 
SORENSEN & CO. INC (Unreg.) par (two outp 


— Teale i: *may be connected positive or negative, in series or parallel 
yy 2 **or +0.3 volts, whichever is greater 





INTRODUCING 
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A WEW series 
OF SIX PLUG-IN 
BLOCKING OSCILLATOR CIRCUITS 


Designed for the engineer who needs a triggered 
blocking oscillator for research or prototype develop- 
ment. Ready-to-operate unit (less 12AU7 tube) 
plugs into standard octal socket. Available in six 
different pulse widths: 0.1, 0.2, 0.5, 1.0, 2.0, and 5.0 
microseconds. Two outputs: one positive and one 
reversible positive or negative. 
Engineering kits containing var- 
= ie mn, ious assortments of  sub- 
Immediate de live ry on pre-production or sample pa = cg po Ae 
quantities. No obligation for engineering pulse trans- transformers are available. Kit 
“—_ . oe uf a KA4, pictured above, contains 
formers or complete blocking oscillator circuits to ha ‘Mica Menace. 
meet individual requirements. sealed subminiature pulse 
transformers conforming to 
MIL-T-27A specifications. 


Blocking Oscillator Bulletin BO. 


Pulse Transformer Bulletin KA. 


PHILADELPHIA 33, PENNA 


C.B.C. ELECTRONICS CO., INC. 
2601 NORTH HOWARD ST. 





VISIT 
AIRPAX Booth 1194 & 1196 


at the ISA Show — Cleveland — Sept. 9-13 


SHOWING: 
@ Instrument Type Ferrac Magnetic Amplifiers 
for guidance and control equipment 


@ Power and Audio-Frequency Magmeter 
Detectors for telemetering and speed control 
@ Choppers and Portable Chopper 
Test Set for DC instruments 
and servos 
@ Magnetic Time-Delay Circuit 
Breakers for military and 
industrial equipment 


o 
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vides a direct indication of reacto1 
water level from a sight glass, and 
main-line steam pressure from a bour- 
don gage. The following remote con 
trols are provided at the viewer: elec 
trical focus, target voltage, and beam 
voltage adjustments; pan and tilt mo- 
tions of the camera; and mechanical 
lens focus. 

All temperatures are measured with 
iron-constantan thermocouples or re 
sistance thermometer detectors. Multi- 
point temperature recorders have ref- 
erence junctions located inside the 
plant shell. Pressure transducers are 
of the force-balance type, the pressure- 
sensitive elements depending on the 
ranges involved. Differential _ pres- 
sures are measured with Barton cells, 
level with a differential pressure cell 
coupled to a beam balance unit. 

Water and steam flow are measured 
with flow nozzles, while air flow is 
measured by using the beam balance 
unit to determine the position of a 
plug inside a tapered flow tube. Ex- 
cept for the control-rod drives, all po 
sition indication is done with poten- 
tiometers attached to the valve stem 
or other device being measured. 

One of the control systems, the 
feed-water control system, is shown 
here. Either flow or level can be con 
trolled. Note the switch near the cen- 
ter of the drawing. With this switch in 
position A (proportional level control) 
this represents system error: 

e = K,(L. — L) — K.aW 
where L, is reference level, L reactor 
level, W feed-water flow, and K, and 
K, are constants. 

In position B, three-element control 

is used: 

e=K,(L. — L) + K.(S — W) 
where S is reactor steam flow. The 
error e determines the dead band of 
the system and the accuracy with 
which level is maintained. 

The control room contains all the 
instrumentation necessary for the con- 
trol of the reactor and the power plant 


Power System Economics 


From “Economic Evaluation of In- 
dustrial Power System Reliability” 
by W. H. Dickinson, Esso Research 
& Engineering Co, AIEE Transac- 
tions Paper No. 57-639, presented 
at the Summer General Meeting, 
Montreal, Quebec, Can., June 
24-28, 1957. 
Soon after starting the design of an 
industrial plant, the electrical engineer 





EXACT POSITIONING WITH 
MECHANICAL FEEDBACK IN NEW 
HIGH PERFORMANCE SERVO SYSTEM 
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; ered 
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<ighe % RONIC ~ DRY COIL 
PUFIER ~~... TORQUE MOTOR 
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Hydraulic Research’s new integrated electro-hydraulic 
servo valve — actuator combination eliminates amplifier 
and electrical feedback by the addition of a mechanical 
feedback spring and increased servo valve gains. 

This mechanical spring feedback loop provides a consid- 
erably lower time constant, and essentially infinite reso- 
lution. Also, greater reliability and lower costs result. 


a Sis 


xX 


ff 
A 


~~ 


. 


ned 


ORIFICE 
FILTERS 


Se = 
. SS 


‘ POWER 


STAGE 


hi 
matt 
If 


ACTUATOR <—— 
— ~. 


patio P 
pi 


The unit illustrated above has a \” stroke with .16 watt 
electrical error input. It is in production. The design may 
be modified to any desired stroke, with inputs of 06 
watts and lower. Hydraulic Research’s new servo system 
design utilizes a basic dry coil torque motor servo valve. 
It is compact, lightweight, and adaptable to any applica- 
tion where precise positioning is required. 


Write for complete information 


MypRAULIC RESEARCH 


Developers and manufacturers 
of the “Hydomat’’—compact multiple 
input servo package. 


AND MANUFACTURING COMPANY 


Subsidiary of Bell Aircraft Corp. 


2835 N. Naomi Street * Burbank, Calif. * Victoria 9-2227 
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PRECISION HYDRAULIC VALVES AND COMPONENTS FOR FLIGHT CONTROL SINCE 1943 


335 





FREQUENCY 
PERIOD 
TIME 
INTERVAL 
FREQUENCY CPS to 
PERIOD 
TIME 
INTERVAL 


FREQU? 
PERIOD 
TIME 
INTERVAL 
FREQUENCY 


* 
PERIOD 


MC! 


DIRECT READING 


Computer -Measurements 


Nae 
Model 226A 
UNIVERSAL 
COUNTER- 

TIMER 


OUTSTANDING FEATURES 


TIME Three independent, adjustable trigger level controls 


NTER\ 
INTERVAL voltage level between 
FREQUENCY 
PERIOD 


permitting full rated sensitivity at any 
300 and 


+ 300 volts 


Small voltage increments ordinarily masked 


by attenuators are easily selected 
* 


Simplified color-coded controls and direct 
read-out in kc, mc, sec, or millisec, with 


TIME 
INTERVAL 


automatic decimal point indication 


Oscilloscope marker signals facilitate 


FREQUENCY 
PERIOD 


start and stop trigger level adjustment for time 
interval measurement of complex waveforms 


E A brand new, multi-purpose instrument provide 


INTERVAL 


FREQUENCY 
PERIOD 
TIME 
INTERVAL 


na 


1. Price: $1,100.00 


Data Subject to Change Without Notice — Prices F.O.B. Factory 


Complete catalog data available 
Computer-Measurements Corp, 
5528 Vineland Ave., N.Hollywood, Calif., Dept. 84-J 


-100°F wo +1000°F 


“ . . the impossible takes a little 
longer.” 

Well, here it is—that impossible- 
to-do high and low temperature 
chamber — 100°F to 1000°F 
ALL IN ONE CHAMBER. 

Free working space is 24” x 24” 
x 24” and the temperature is meas- 
ured on two recording controllers— 
one for —100°F to + 300°F, the 
other for + 300°F to + 1000°F. 
IRC is equipped in Engineering, De- 
sign and Production skills to meet 
every Problem. Send us yours for 
our prompt Quotation. 


ENVIRONMENTAL TEST EQUIPMENT 


INTERNATIONAL RADIANT 


40 Matinecock Ave., Port Washington, N.Y 
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MEMBERS 
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E.E.I. 


OTHER CHAMBERS for; 


VACUUM OVENS 

HUMIDITY 

SAND AND DUST 

SUNSHINE 

RAIN 

SALT SPRAY 

IMMERSION 

FUNGUS 

AIR CONDITIONING 

DIAPHRAGM EXERCISERS 

LIQUID HOT AND COLD 
BATHS 


WALK-IN-ROOMS, ETC. 
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must determine the type of power sys- 
tem required. This paper describes 
methods for analyzing the relative re- 
liability of different types of indus 
trial power systems, and demonstrates 
how the reliability improvements may 
be evaluated on an economic basis. 
Armed with this information, the en- 
gineer can determine the amount of 
incremental investment justified. 

The paper covers four main points 
First, a technique for the economi 
analysis of alternatives involving incre 
mental investments is developed. ‘This 
technique is a simplification of the 
discounted-cash-flow method of com 
paring alternatives. Secondly, prob 
ability and its application to power sys 
tem reliability problems is discussed. 
Next, these probability principles arc 
applied to several typical industrial 
power systems. Figures are presented 
to illustrate each of the systems con 
sidered. Finally, a complete typical 
example is worked out. In this exam 
ple, the actual incremental investment 
justified to increase system reliability 
is evaluated. 


Near—Optimum Control 


From “Optimizing Control Sys- 
tems” by Robert L. Cosgriff and 
Ronald L. Emerling, Ohio State 
University. AIEE Paper No. CP 57- 
778, presented at the AIEE Sum 
mer General Meeting, Montreal, 
Quebec, Can., June 24-28, 1957. 


An optimizing control system, a» 
defined in this paper, adjusts some 
variable to a minimum or maximum 
value. However, since this optimum 
adjustment usually will change with 
time, an optimizing system cannot be 
considered exactly adjusted for any 
extended period and must constantly 
readjust itself. The best that can be 
hoped for is near optimum value fot 
the controlled variable at all times. 

The system discussed in this paper 
was designed to analog the processes 
of a human operator, in the manual 
control of the same variable using logic 
or switching circuits. 
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I'he fgure shows a simplified block 
diagram of the optimizing system con 





N\\\ A complete single-turn-pot line 


from NMelows 


Built, tested, and certified* to such rigid specifications as AIA, RETMA, JAN-R-19, MIL-E-5272A, and 
other applicable military specifications, this new line of pots packs reliable performance into tight spots. 
Complete test data available on request 


Waters PRECISION MINIATURE POTENTIOMETERS 


we %, we Vie WP 1 Ve 


Sizes from 12” to 15%” values from 42 ohm to SOOK ohms. . . high-precision 
linear and non-linear write for catalog that describes the complete line 


Waters ROTARY TRIMMER POTENTIOMETERS 


AP 1% AP 1% AP 16 RTS % AP 2 


include the most compact half-inch pot on the market resistances to SOOK non-linear models 
bushing, servo, or 3-hole mount . solder terminals or wire leads write for complete catalog 


Waters LOW-TORQUE PRECISION POTENTIOMETERS 


Ball-bearing and jewel-bearing models for ultra-low torque 
. servo or 3-hole mounting solder terminals or 
wire leads 


RAE EG LK LL DK 


Check Waters first for all your single-turn-pot needs 
Big-pot performance in miniature-pot size. 


MANUFACTURING, inc. 
Wayland, Massachusetts 
APPLICATION ENGINEERING OFFICES IN PRINCIPAL CITIES 


SEPTEMBER 1957 
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CHOPPERS = 

eae ny ae 
Twenty-two types, 


both single and 
double pole. 


| Long life. 
Low noise level. 
Extreme reliability. 


Write for Catalog. 


STEVENS 


INCORPORATED 
ARNOLD 


7 ELKINS STREET 
SOUTH BOSTON 27, MASS 





in MAGNETICS . 


HERE’S WHY: 
® Reads 10 to 30,000 Gauss Flux Fields 
Probe is only .025” thick 
Active area .01 square inches 
Net Weight 10-1/2 Ibs. 
Power Supply 105-125 Volts, 50-60 Cycle 
Overall size 13” high, 10-1/2” wide, 6-3/4” deep 


Precision built to give accurate flux density measurement and determine 
“flow” direction. The unit also locates and measures “stray fields,” plots 
variations in strength, and is ideal for checking production lots against 
a standard. Simple to operate, the D-79 gives no ballistic reading . . . 
doesn’t jerk or pull. Comes in protective carrying case. 


Write for literature—Dept, IAN-5-6 


1075 STEWART AVE 


DYNA-E/MPIRE Ine" 


Ploneer 1-2700 
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sidered. ‘The motor position, which 
adjusts the control system, is repre- 
sented by x while the optimized vari- 
able is represented by y. Logic cir- 
cuits adjust motor-drive voltage, e, 
such that motor acceleration is always 
toward a position where y is a maxi- 
mum or minimum. 

The proposed system is analyzed by 
using the nonlinear gain technique. 
The magnitude of the steady-state 
oscillation of x about its optimum po- 
sition is determined, and a hunting 
loss established. By adding two more 
logic circuits, two more modes of 
operation can be included to improve 
operation of the system. The first is 
a searching mode which will hunt for 
a reasonable value of dy/dx, and the 
other is a mode that will average 
maximum and minimum values of mo- 
tor position x. 


Navigating Techniques 


From “Principles of Self-Contained 
Navigation” by H. H. Bailey, The 
Rand Corp. IAS Preprint No. 736, 

Paper presented at the National 

Summer Meeting, Los Angeles, 

Calif., June 17-20, 1957. 

Today the field of self-contained ait 
navigation is growing at a tremendous 
rate. About a billion dollars is being 
spent annually on this equipment, a 
third of which is earmarked for re- 
search and development. Most demand 
for self-contained navigation systems 
comes from the military, and thus 
much of the work is classified. 

The physical principles involved, 
however, are general knowledge, and 
it is these principles rather than any 
specific design problem with which 
the author is concerned. Basically, 
navigation consists of two parts: 1) 
determining present position, and 2) 
steering a proper course. Only part 1 
is considered here. There are two ways 
in which present position can be deter- 
mined, direct observation of terrestial 
or celestial objects, when the process 
is commonly called “getting a fix’; 
computation on the basis of a past fix 
and an integration of velocity or dou- 
ble integration of acceleration, when 
it is called “dead reckoning”. 

Today most fixing methods involve 
locating the true direction of the ver- 
tical. This becomes a problem on 
board a moving vehicle, because any 
instrument that responds to the di- 
rectional pull of gravity (plum bob, 
pendulum, etc.) will also respond, by 
virtue of its own inertia, to the accel- 





MODULIZED 


SERVO SYSTEMS 


QUICKLY INTERCHANGEABLE ...EASILY SERVICED 
e Miniaturized e Lightweight e Simple, fast installation e Meets MIL-E-5272 
e Can be hermetically sealed with dimensional changes 


TYPE $B-9805-01 SB-9805-02 SB-9805-03 SB-9805-11 


26v 


6 
10, 


26v 26v 


.3v/1 .3v/ 
100,000 ohm 100,000 ohm 
load load 
.012v .012v 
.007v .007v 
3.5 watts Max. .5 watts 
to 





—55°C to 72°C | —55°C to 72°C | —55°C to 72°C 55°C to 72 
— 1000 feet to | —1 eet to | —1 feet to | — eet to 
55,000 feet 55,000 feet 55,000 feet 55,000 feet 


3000 hours 3000 hours 3000 hours hours 
in -jle . | excludin . | exciud 


MIL-E-5272A | MIL-E-5272A | MIL-E-5272A | MIL-E-5272A 
Backlash : oe Anti-Backlash .” a Anti-Backlash 
ron ‘ ron 








2076S 


Offered as illustrated with 
Clutch Brake Pat P32 identical or different com- 
- binations of: 


c dc , 
t tt gear ratios servo 
watts Max. | 2.0 watts Max. clutch synchro 


millisecon milliseconds brake motor-tach 
20 milliseconds} 20 millisecond clutch-brake potentiometer 


Write for further information TODAY, enclosing details of your requirement. \ 


Other products include motor- 

gear-trains, synchros, AC drive MANUFACTURING COMPANY 

motors, DC motors, servo mech- Your Rotating Equipment Specialist + a" 

anism assemblies, motor tachs, Avionic Division a ae 

servo torque units, reference and Racine, Wisconsin or Se ohh 

tachometer generators, actuators, . chad Es 

motor driven blower and fan 

assemblies and fast response re- Engineers For Advanced Projects: 

solvers. Interesting, varied work on designing transistor circuits and servo me¢hanisms. 
Contact Mr. Zelazo, Director of Research, in confidence. 


WRTON BROWNE ADVERTISING 
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TIME RECORDER 
+ TOTALIZER 


automatic, continuous, operating data can 
be the difference between Profit and Loss! 


Modern plant operation demands the most 
efficient and accurate means of evaluat- 
ing both machine and man-power produc- 
tion . . . that's why lead ng companies 
everywhere are equipping their produc- 
tion lines, processes, systems and office 
machines with Time Recorder-Totalizers. 

The Time Recorder-Totalizer monitors 
the operation of any machine, process or 
— by chronologically recording the 
time and duration of every ‘‘on'' and 
“‘off'' period during each day. 

The Time Recorder-Totalizer makes it 
possible to analyze the efficiency and 
performance of any type of equipment 
plus simplifying cost accounting. 
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eration of the vehicle. Common ac- 
curacies are as follows: at fixed sta- 
tions on the ground, verticals are good 
to within 1 sec of arc, or 100 ft on 
the earth’s surface; at sea, measuring 
horizontals rather than verticals, fixes 
are accurate to within 1 min of arc 
or about a mile on the earth’s surface; 
in the air, a common value is 10 
miles, corresponding to ¢ deg error in 
the vertical. 

Of all the dead-recokning tech- 
niques suitable for aircraft, the most 
accurate is Doppler radar, the first 
dead-reckoning system with no inher- 


ent limitations. Another and distinctly 
different kind of dead reckoning is in- 
ertial navigation, really the ultimate in 
self-containment though inertial sys- 
tems do not approach the accuracy of 
Doppler radar. 


The TIME RECORDER-TOTALIZER incorporates the following features: 


SPROCKET DRIVEN CHART... AUTOMATIC REWIND ATTACH- 
accurately timed ... chronologi- © MENT with housing... facilitates 
cally printed... available in inspection of strip chart during 
speeds from one inch per hour M4 any period throughout the entire 


baad ayer 3 $1.25. roll. (available for all models .. . 
$7.50 extra) 


ELAPSED TIME METER... (Time 
Totalizer) registers accumulated RUGGED CONSTRUCTION os- 
sures long carefree operation. 


“on’’ or production time. 
For complete information write to: Dept, CE-R1-9. 
standard INSTRUMENT CORPORATION 
omen of MEAT-TIMER CORPORATION 
657 BROADWAY. NEW YORK 12, N. Y. 
Mfrs. of: Heat-Timer Electronic Controls, Heat Recorder-Totalizer, 
Varivalve, Thermovalve, Main Line Quick-Vent Valve, Motorized 


Valves, Smoke-Eye Smoke Alarm, Fire-Chief Fire Alarm, H-T 
Burner Alarm. 
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After presenting some idea of the 
fantastic component performance re- 
quired, the author closes with a devel- 
opment of the basic differential equa- 
tion of all inertial systems and a block 
diagram (shown) of a simple inertial 
system in one dimension. 


WHIM ON caracirors 


will help you build MINIATURE 
... Circuit systems 


Sheer bigness .. . great in Texas. . 
has no place in an electronic circuit. 
VITRAMON capacitors save you space 
and deliver critical electrical perform- 
ance at the same time. 


MINIATURE? Y E S ! 


New Control Problems 


From “Use of Analysis Instrumen- 
tation in Process Control” by A. R. 
Aikman of Schlumberger Well Sur- 
veying Corp. Paper presented at 
the Third National Symposium on 
Instrumental Methods of Analysis 
of the Instrument Society of Amer- 
ica, Chicago, Ill, June 13, 1957. 
The comparatively recent introduc- 
tion of analytical instruments as active 
components in control systems has 
dium: tot tention, Geietated tein ene accentuated a number of existing prob- 
in radar, servo, guidance, fire control, lems and introduced some special new 
telemetering and carrier telephone ones. From a control standpoint, 
am some of the peculiarities encountered 
with analytical instruments include: 
etheir reliance on samples ab- 
® stracted from the main stream 
and carefully conditioned before 
being presented to the instrument 
¢ the intermittent nature of the data 
flow from the instrument to the 
controller 


VITRAMON capacitors 


are as small as this 


PLUS... 


RUGGED LOW LOSS STABLE 
WIDE TEMPERATURE RANGE 
LOW NOISE VAPORPROOF 


The biggest names in electronics use 
VITRAMON capacitors in guided mis- 


Life Size Photograph 





If substitutes are not good enough... 
if you need the best... write today! 


ji 


BOX 544A. * BRIDGEPORT 1 ® CONN, 


Two materials —a monolithic block 
of porcelain enamel relate | firve-silver 
electrodes — fused into one strong Incorporated 
stable, efficient and effectively ho 
mogenouvs RELIABLE unit. 
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these automatic electRrgolmeasu 





MODEL 1400 MODEL 451 MODEL 312 MODEL 460 











It’s as simple as 1, 2, 3, for even untrained personnel to clearly and accurately make electrical 
measurements with NLS digital meters. Inch-high numerals are legible from 30 feet away 

NLS originated the automatic digital voltmeter and now manufactures a broad range of these 

and other precise, related instruments for both laboratory and industry. Accuracy, ruggedness, 

and dependability are proven features of these digital meters for measuring resistance or 

voltage. Automatic data recording on Clary printer, electric typewriter, card, or paper 

punching equipment is available. Whatever your need for high speed, completely reliable 

electric measurement instruments, you'll find your answer in the NLS complete line. Write on 

your letterhead for the name and address of your nearest NLS representative, who will be glad to 
discuss your needs, or mail the coupon for full information on these high precision instruments. 


Originators of the Digital Voltmeter 


non-linear systems, inc. 
San Diego County Airport, Del Mar, California. 
Sales Engineering Offices in Los Angeles, San Francisco, 
Phoenix, Cleveland and Orlando, Fla. 


Digital Ohmmeters « AC-DC Converters «+ Data Reduction Systems + Digital Readouts 
Peak Reader Systems + Binary Decimal Converters + Digital Recording Systems 


OVA ES 


MODEL 1400 Wide Range Volt- 
meter— Utilizes mercury wetted 
relays for maximum life and 
reliability 

MODEL 451 General Purpose 
Voltmeter—For display or re- 
cording of +0.001 to +999.9 
volts DC 

MODEL 312 High-Speed Volt 
meter—For airborne analog-to 
digital conversion 

MODEL 460 High Sensitivity 
Voltmeter — For thermocouple 
and strain gage systems 


One of the many EXCLUSIVE 
FEATURES pioneered by NLS 
Oil immersed stepping switches 
that insure trouble-free life and 
dependable operation 


NON-LINEAR SYSTEMS. INC 

Dept. B-957; De! Mar Airport, Del Mar, Calif. 
Please send technical injormation on 

C) AC or DC voltmeters ohmmeters 


CL) analog-to-digital automatic testing 
converters systems 


NAME 

COMPANY 
ADDRESS __ 
Cian ZONE STATE 
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Designers like 


ABSTRACTS 








Vv | ELECTRIC RESET 
¥Y | LOW POWER CONSUMPTION 

















¢the possibility that the chemical 
composition measured by the in- 
strument may not be a function 


OF 
SODECO ELECTRIC ie ute cong sacle, 
IMPULSE COUNTERS | turccr contr stems that tely on 


; eriodic samples. Two convenient 
Sodeco Electric Impulse Counters can be operated P 
in electronic circuits—their power requirements measures used to define the effect of 
are so low. And, they offer immediate, remote this transport lag on the quality of 
electric reset. Small wonder they’re the favorite automatic control are the deviation 
of designers everywhere. reduction factor or DRF—which ex- 


: : presses the power of the controller to 
Designers also like— reduce the effect of a step disturbance, 


i and the frequency of subsiding oscil- 
SPEED rie Counters count up to 25 impulses per lations that take place after a disturb- 
; ; ance. The latter expresses the rapidity 
COMPACTNESS Model shown measures only 1%” x 2%” x 4%” — which the controller can reduce 
and is suitable for flush mounting. € error to zero. 
If after everything possible has been 
Sodeco Electric Impulse Counters are available done to reduce transport lag or dead- 
in 4, 5 & 6 digit models, with secondary con- time, the estimated control is still 
tacts, and either electrical or mechanical single- insufficient, two general resorts re- 
stroke toggle reset; or without reset. main. The first is the independent 
control of every possible source of 
Write for full, disturbance at its origin; possibilities 
iticmetion be LANDIS& GYR,INC. in this direction are very limited. The 
‘ 45 West 45th Street New York 36, N. Y. second involves the use of cascade 
the Sodeco line. as control, which has many advantages 
and very often can effect remarkable 
improvements in system performance. 
“Process coupling”, or the presence 


write fels NEW ea of undesirable interactions between 


controllers linked only through the 


Ra: process, seldom occurs. However, be- 
cause both temperature and analysis 
SC rs controls tend to be dynamically slow, 


<a there is a certain probability of cou 

oy we.¥ me) e « J EG , = | pling. This probability can be esti- 
s | mated by simple vector methods. 

The most distinguishing feature of 

sampled-data systems as compared with 


ae Ca ape | continuous control systems is their 
of precision wg | open-loop operation. Anything that 


pneumatic ; | happens in the process between data 


samples is not discovered and cannot 
PRESSURE be corrected for until the next sam- 
pling instant. Thus performance is 

| strongly influenced by the sampling 

REGULATO eS | period, and when this period becomes 


very much smaller than the plant lags, 
The facts you need on a complete range of % NPT...in supply pressures up to 250 psi. the system tends to behave as though 
pneumatic pressure regulating valves and Fact-filled pages spell out the full story: | lat a vailab} ail hy 
volume boosters. Here is your guide to a _ characteristics « pressure ranges, ratios ap- | “ata Were available continuously to 
series of pilot-operated and direct acting plications— for 16 different models includ- the controller. 
regulators—in pipe sizes from % to % and ing motor operated and lever set types. To study the dynamic character- 




















istics of cascade or sample-data sys- 
Write today for the new KENDALL- tems, frequency response analysis has 
GOVERNAIRE catalog. no rival for convenience, accuracy, low 
cost, and freedom from interference 


SSVI? ATOS with the process. Correlation ‘analysis 


can be used when, for one reason or 
INDUSTRIAL PRODUCTS BRANCH another, yo ay response tech- 


Route 109, West Babylon, N. Y. niques are ruled out. In this case, 
A DIVISION OF FAIRCHILD ENGINE & AIRPLANE CORPORATION however, the analysis is costly and ac- 


curacy not too high. 
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Miniature printed circuit cards, 
heart of the Transac Computer, 
contain all the elements for 
arithmetic and control functions. 





TRANSAC-trademark of Philco Corporation 
for Transistor Automatic Computer 


miniature 


compufer... 


PERFORMS COMPLEX FLIGHT CONTROL INSTRUCTIONS 
.. EVERY 30TH OF A SECOND! 


Now a high speed airborne computer 
that slips like a desk drawer into the 
nose of a supersonic Navy jet fighter 
and processes digital data derived from 
analog information in split seconds. 
TRANSAC—a completely transistor- 
ized controlsystem—eliminates vacuum 


tubes, diodes and other bulky com- 


ponents of ordinary digital computers. 
Philco is proud to have met the exact- 
ing standards of the Navy Bureau of 
Aeronautics. Industry too is watching 
the TRANSAC® computer with its 
high speed data processing capabili 
ties make phenomenal contributions 


/ 


to business planning and operations. 


At Philco, opportunities are u nlimited in electronic 
and mechanical research and engineering 


® 
P | [L ‘& OC) . . Creative Engineering for a better way of life 


GOVERNMENT AND INDUSTRIAL DIVISION + PHILADELPHIA 44, PENNSYLVANIA 
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FOR CRAFTSMANSHIP - SERVICE - RELIABILITY — SPECIFY ASHLAND 


MOTORS - FANS »\.\: 
and BLOWERS: 


. *” 
— ASHLAND is your one 


source for precision- 

engineered and preci- 

sion-made custom- 

crafted Synchronous, 

Torque, Induction or 

Gear Motors; Centrifugal 

Blowers and Axial Fans. 

Ashland’s quality-controlled 

rotating electrical components 

are compact, rugged and designed : F86RBU-1 
for the utmost efficiency and long 

life under specified conditions. Both standard and custom- 
designed models are available to order for critical commercial 
or military applications. 

One of the nation’s leading suppliers of Synchronous Motors 
to the Recorder, Electronics and Instrumentation industries, 
Ashland is well qualified and equipped to satisfy your most 
precise specifications and delivery requirements. 


WRITE FOR ASHLAND’S NEW CATALOG CE 97-83 TODAY! 


ASHLAND 


ELECTRIC PRODUCTS, INC. 
32-02 QUEENS BLVD., L. 1. C. 1, N. Y 


A4E2QC-1C 


the 


A. W. HAYDON COMPANY offers « 
COMPLETE LINE of STANDARD and CUSTOM 
DESIGNED TIMING MOTORS and DEVICES! 


ay ° 


for military and in- 
dustrial applications. 
Illustrated are some 
of these units . . . 
any can be modified 
to meet your specific 
requirements if the 
basic design is not 


adequate. 


Shown below is the ane catalog of the A. Long a pioneer in the timing field, The A. W. 
A ydon Company describing all of the y . any is —— ist : 

Gaels Geet ot Glee aves ond! came Haydon Company is prepared to assist you in 
of the ‘'specials’’. Included in this 25-page solving your timing and control problems. 
catalog are 60 photographs of timers, 30 When a solution to your problem has been 


dimensional reached, The A. W. Haydon Company is pre- 
drawings, and -d to foll | . . 

os ake aul pared to follow through with production geared 
diagrams. This to meet your requirements whether a basic 
complete cata- timing unit or a highly specialize fice is 
op econ br ) ghly specialized device is 


plied on request. the A. W. HAYDON COMPANY 


246NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electro-Mechanical Timing Devices 
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Primer for Control 


Basic AUTOMATIC ConrrROL 
Tueory. Gordon ]. Murphy, assist 
ant professor of EE, University of 
Minnesota. 557 pp. Published by 
D. Van Nostrand Co., Inc. Prince- 
ton, N. J., 1957. $9.00. 

Here in this single-volume textbook 
of control basics is all the theory re- 
quired for the analysis and synthesis 
of linear control systems. For sim- 
plicity, only those systems are con- 
sidered that have fixed, lumped param- 
eters, and are subject to easily specified 
input commands and disturbances. 
According to the author, the book 
evolved from lecture notes he used in 
teaching a course in control theory to 
seniors and first-year graduate students 
in engineering and physics at the Uni- 
versity of Minnesota. It should prove 
an excellent choice as a text in similar 
college courses. 

The first three chapters familiarize 
the reader with types of control sys- 
tems, terminology peculiar to the field, 
physical analogies involved, and the 
characteristics of common system com 
ponents. Chapter + and Appendices 
[ and II provide the necessary mathe 
matical background for understanding 
the work that follows. Chapter 4 in- 
troduces the theory of the Laplace 
transformation by comparing it with 
the Fourier series and with the Fourier 
integral; Appendix I shows a number 
of methods for finding the approxi- 
mate roots of characteristic equations, 
and Appendix II presents the cle 
mentary complex variable theory. 

A generalized transfer-function con 
cept is developed in Chapter 5, which 
also contains sections on the use of 
block diagrams and signal flow graphs. 
Chapter 6 outlines two methods for 
classifying control systems, and serves 
to reveal the similarity of chemical 
process control systems to instrument 
servos, navigational computers, and 
other types of systems. As the author 
points out, “ the principles in 
volved in the chemical process control 
systems are the same as those in the 
other systems; only the terminology is 
different.” 

Stability, ultimate-state response, 
and transient response of multiloop 
systems are treated next. Chapters §, 
9, and 10 deal with frequency-response 
techniques, time-response techniques, 
and a correlation of these methods, 
showing the advantages and disadvan- 
tages of each. The last chapter covers 
analog computers and their applica- 











""theory is fine... but: 








Where can | buy practical computer-dynamic control today ? 





The trade press is full of articles on the theory of 
computer control and dynamic control techniques. It 
is commonly accepted that these techniques offer tre- 
mendous return to industry in terms of product quality 
and, more important, higher yield ratios. 

But . . . suppose you want to find out what dynamic 
process control can produce for you on an entire chemi- 
cal, refining or other industrial process . . . or part of it 

. Where can you turn? 

Five years ago CDC Control Services, Inc., as a sys- 
tems builder, started out to fulfill the need for dynamic 
control systems. To date CDC has installed and put 
into successful operation over one hundred such systems. 

These dynamic systems are controlling pressures, 
temperatures and flows at critical process points with 
accuracies that conventional steady-state systems can- 
not approach. 

The CDC method of process control is called 
CompuDyne Control. It is based on computer-dynamic 
techniques. Each CompuDyne Control System is de- 


signed from analog computer studies of the control 
problem and its projected solutions. 

But, CDC has gone further: CDC has adapted or 
developed the necessary control components to trans- 
late theory into highly advanced practice. CompuDyne 
Control Systems are achieving results today that were 
labeled “impossible” only two years ago. 

If you have a single control point or a complete 
process that will not (for any reason) control to the 
accuracies you require or would like to achieve, it will 
pay you to call CDC. You risk littke — because 
CompuDyne Control is engineered and installed on a 
guaranteed performance basis. 


Telephone, wire or write for full information 


JUST RELEASED 

A new bulletin entitled, “VALID DATA It deals 
principally with aeronautical test facilities where 
dynamic process control has had its most dramatic 
growth. It should be interesting to anyone in 
volved in process design or control. A copy will 
be sent to you without obligation 


Builder of CompuDyne Control Systems for Industry 


cdc control 
402 SOUTH WARMINSTER ROAD @ 


a a 
services, inc. 
HATBORO, PENNSYLVANIA 


Representatives in major cities 
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MEASURE DELAY ACCURATELY || wew eooxs 


; cussed in earlier chapters. 
4 ; a are Problems at the end of each chap- 
: oe ter are carefully selected to apply to 


WITH TLI’s NEW = the theory discussed. There are over 


250 such problems and many illustra- 


ee. | tive examples. 
ss ~ Besides appearing to be an excellent 
college text, the book should also ap- 
T ! NM t h : ~ peal to the many engineers and scien- 
tists who, for one reason or another, 
MODEL PT244 $1895°° — would like to broaden their knowledge 


of control theory 
WHAT IT iS — HOW IT WORKS — 


win’ atti ger grorter Daley aol ein gees wich | 

Contenathesl all cine ted digi select desired pulse from 100kc A Text for Product Design 

tal dial provides direct reading <a cnteied pulse chain to DESIGNING FOR PRODUCTION. E.N. 

delay to 9,999.99 microseconds aveid jitter inherent in delay cir- Baldwin and B. N. Niebel, 645 pp. 

accurate to better than 0.01 micro- *¥!"s. Phantastron circuit provides Published by Richard D. Irwin, 
second. Note that this instrument Vernier control between 10 micro- I H mA 1 Ill. $8.40 
is a full size module of the TLI second pulses. Jitter less than nc., FLoMewood, ee te 

Modular Instrumentation System. 0.001 microsecond. This book was written for enginecr- 

; outs ee ing students who expect to associate 

ao eetain Ty Model epatttan Whennaine themselves with product or process 

L754 Precision Time Measuring ere on sonneet in design, particularly in the metalwork- 

penta weit : ing or electrical manufacturing indus 

I Ck. try. It opens with a brief discussion 

TELETRONICS LABORATORY, Tim i of some of the general considerations 

54 KINKLE STREET mn! | in product design: the qualifications 

WESTBURY, L. 1., N. Y. . and opportunities for product design 

engineers, sales considerations (such 

as product appearance and_ surface 

treatment), and economic considera 

. tions (estimating product costs, cost 

PC} O71 @) a Switches F-Teale) ~acat cost emesis activities 

+ and development costs). 

Vital | M- Yet gel-t-1-) Data ‘ Che bulk is then devoted to a de 

tailed description of 1) materials fre 

rt F @| quently used in product design, and 

eS | 2) processes. In the chapter on fer- 

rous metals, the authors cover the 

gamut, from cast iron to special kinds 

of steels, including a considerable 

amount of tabulated data. Typical 

tables: properties of rust-resistant steel, 

minimum properties of carbon steel 

bar, strength-weight factors, machine- 

ability ratings and tolerances of hot- 

- ind cold-rolled steel sheet. Similat 

Translating Data Accuracy treatment is given to nonferrous 

metals, with an emphasis on aluminum 


into DEADLY ACCURACY and its properties, copper and copper 


- ‘ite base alloys, nickel and nickel alloys, 
e army's brilliant Lacrosse surface-to-surface guided missile — > P Rs z 
: ; and low temperature alloys 
now in production at The Martin Co. — can pinpoint and destroy ll ] t . n ys 
ne ne points in the field, supplementing air and artillery in 1e chapter on plastics describes 
Support of ground forces. ASCOP high speed rotary sampling in detail not only the properties of 
) ? : $ O 
switches are employed to provide detailed information on rate of different kinds of plast r f t gzood 
climb, flight attitude, airspeed, temperature, stress, etc. ASCOP uzeren inds of plastics, Dut goo 
poly Poy me. pcos vg of rotary sampling switches and has and bad design tec hniques with these 
" standard mode!s for use in telemetering, drift compensa- ic m ] still ; > 
tion, thermocouple sampling, radar display and countless other nonmetallic material Still another 
applications. Write for complete details. chapter covers the use of natural and 
synthetic rubbers in design applica- 


APPLIED SCIENCE CORP. OF PRINCETON | tions. There is one catch-all chapter 


Princeton, New Jersey 











that includes discussions of the prop 
West Coast Office: eries of materials less frequently used 


15551 Cabrito Road, Van Nuys, Calif , : : 
eee in product design: ceramics, wood, 
wt erovioe THE LEVER - YOU MOVE THE WOLLD ~ Southeastern District Office: ] “ | I 
- 1 N. Atlantic Ave., Cocoa Beach, Fla., carbon, and glass. 


The chapters on processes indicate 
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30-channel, analog-digital converter connecting 300-amplifier analog computer Production of communications equipment in new Los 
to 1103A digital computer Angeles manufacturing piant 


“ 

e 
1 eh wea ee ees Lae 
—— ete D Lacl 


° 


Data Reduction Center designed and built by One of three new research and development buildings completed this year 
Ramo-Wooldridge - 


First unit of Denver manufacturing plant now nearing completion input-output unit of the Ramo-Wooldridge RW-30 airborne 
digital computer 


H H P Ff Communications and 
Pictorial ROG RESS RE ORT Navigation Systems 
Digital Computers and 
Control Systems 
— 7 . " Airborne Electronic and 
The photographs above illustrate some of the recent developments Central Systems 
Electronic Instrumentation 
and Test Equipment 
Guided Missile Research 
and Development 
Automation and 
Data Processing 


= Basic Electronic and 
fields of current activity: Sicoueniians Gaannente 


at Ramo-Wooldridge, both in facilities and in products. 
Work is in progress on a wide variety of projects, and positions 


are available for scientists and engineers in the following 


The Ramo-Wooldridge Corporation 


5730 ARBOR VITAE STREET « LOS ANGELES 45, CALIFORNIA 
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a new note in 
sub-miniature 


Making “sweet music 
together’ — missile control 
systems and the new 
HG-2SM-R, sub-miniature 
relay by Hi-G. 

This rugged relay measures 
only 1%” by .635” 

in diameter . . . surpasses 
all applicable portions of 
MIL-R-5757C and 
MIL-R-25018. Contacts 

5 Amps resistive... 

2 Amps inductive 

at 28 VDC or 115 VAC. 
Coil voltage from 

6—-200 VAC. 

For all the facts. write today. 


another outstanding 


Hi-G relay 


HG-E2 


Sub-miniature. . . hermetically sealed ... 
space saving, this HG-E2 relay measures 1” square 
by 42”... meets MIL-R-5757C. Designed 
for operating temperatures up to 125°C. with 
long-life characteristics at rated contact loads of 
2 amps at 28 Vdc or 115 Vac. Coil resistance ranges 
of 50 to 10,000 ohms. Hook terminals or straight 
pins for plug-in and printed circuit applications 
are standard. Available in Form A, B, or C contact 
arrangement with maximum of two poles... 
for AC operation with internally mounted 
silicone rectifiers. 


Today .. . find out more 


about the complete line of Hi-G 
sub-miniature relays. 


* Ge... 
BRADLEY FIELD * WINDSOR LOCKS, CONN. 
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the importance the authors attach to 
this phase of product design. One 
chapter is devoted entirely to casting 
and molding techniques. Another 
chapter covers the hot working of 
metal—pressing and forging  tech- 
niques. A third chapter discusses cold 
working techniques, shearing, drawing, 
extruding, and bending processes. Use 
of machine tools are discussed in two 
chapters. One covers theory while 
the second describes practical material 
removal processes. ‘The essential role 
played in production by joining proc- 
esses is the subject of another chapter 
in which the authors concentrate on 
various kinds of welding and fasteners 
such as nuts, bolts and screws. 

There are other chapters to cover 
assembly operations, finishing, and 
heat treating. The final section of 
the book includes miscellaneous in- 
formation that a product designer 
should have available: a chapter on 
quality control, one on packaging, 
and another on patents. There is also 
included a brief discussion of automa- 
tion, defined as “increased mechaniza- 
tion’”’. 


Plant Design 


Project ENGINEERING OF PROCESS 

Prants. H. F. Rase and M. H. 

Barrow. 692 pp. Published by 

John Wiley @& Sons, Inc., New 

York. $14.25. 

This book covers project organiza- 
tion, planning, and execution tech- 
niques in large process-plant engineer- 
ing construction. It is written from 
the viewpoint of the project engineer 
by authors who have had considerable 
experience in plant design supervision 
with both operating companies and 
engineering-construction firms. The 
book’s treatment of the broad areas 
of plant location and process design, 
procedures and procurement practices, 
business and legal phases, equipment 
specification and design, piping, in- 
struments, insulation, structural and 
foundation work, and field construc- 
tion practices make it useful as a col- 
lege text on chemical engineering 
plant design. The selection of refer- 
ences at the end of each chapter em- 
phasizes catalogs, handbooks, design 
manuals, codes and standards, trade 
association publications, and_ ther 
practical sources. This lends a great 
deal of value to the book as a working 
reference for the practicing engineer. 

For those who specialize in process- 
plant instrumentation, the book can 
be a useful guide to a broader under- 





MODEL GA-1 


FEATURES 
LIGHTWEIGHT ELECTRODYNAMIC DRIVE for 
true rectilinear recordings free of distor- 
tions. 
CRITICAL ACOUSTIC DAMPING eliminates 
resonant peaks overshoot and ringing. 
WIDER FREQUENCY RANGE reproduces sig- 
nals up to 200 cps. 
MICROMETER ADJUSTING SCREWS conven- 
iently located for accurate pen alignment. 
DECIMAL SPEED CHANGER with 3 speeds. 
Max. — 200 mm/sec. 
DISPOSABLE INK CARTRIDGE hermetically 
sealed prevents evaporation and main- 
tains correct ink viscosity. 
NEW PEN DESIGN with mechanical filter 
permits splatter-free writing at all fre- 
quencies. 
WEIGHT 9 ibs.— Dimensions 13” L x 
4%" W x 412" H. 


Also available is the Massa Model M-220 
DUAL CHANNEL DC AMPLIFIER 
with self-contained power supply. Sensi- 
tivity range is 5SnV/mm to 200 volts full 
scale with compensation to yield flat 
response from dc to 200 cps. 

Write to Dept. 10 for technical data. 
OLINGaNI ELIT Oe aah lilac ielam fielttiaa 
SONAR TRANSDUCERS ULTRASONIC CLEANERS 
ACCELEROMETERS PREAMPLIFIERS 
MICROPHONES AMPLIFIERS 
HY DROPHONES RECORDERS 


precision in electroacoustics 


MASSA 
LABORATORIES, INC. 
HINGHAM, MASSACHUSETTS 
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For example: 


Combine the Universal Power Module 


4 , FOS 


A w . — 


 BRRGDG + 
i a eel 


with the DC Switch Module 








to get an 0.01% Digital Voltmeter 


TTT ASIA, VORFME TER: gy 
\ 


© wi 


» SORSOL : 


—powee ONT 


Pont 
a completely new idea in digital anstrumentation ! 


Now from five basic E-I modules, almost any combination of 
instruments can be assembled for precision, digital measurement 
of DC, AC-DC, Ohms and AC-DC Ratios. The basic E-I1 modules 
never become obsolete. As needs change, simply regroup or add 
new modules. This new modular concept provides maximum ver- 
satility and enables equipment to be kept current at minimum cost 
and engineering. 


New engineering specification and other features have been 
incorporated into the basic modules from the experience of over 
2,500 digital instruments in the field. Where applicable, all cir- 
cuits have been fully transistorized to provide increased reliability, 
low power consumption, low heat dissipation and to eliminate 
radio noise and line transients. 


LECTRO 
New catalog sheets give the complete story of | 
this newest advance in digital instrumentation NSTRUMENTS 


and complete specifications on all modules. 


Write for your set today ING. 3794 Rosecrans, San Diego, California 
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~\L MODEL MH-2 





POST 
DECITRON 


Magnetic Switch 











~\ 


Post’s DECITRON Mag- 
netic Switch is an ideal 
sensing device for actuating 
counters, controls, solenoids. 
relays and many other elec- 
trical or electronic circuits. 


The Post MH-2 is mag- 
netically operated . . . con- 
trolled by the proximity of 
a magnetic field. A clean 
“make” and “break” is ac- 
complished at any speed 
range from zero to 100 
cycles per second. 


“Bounce” is eliminated by 
using a capillary film of 
mercury. For timing 
synchronizing . . . or count- 
ing ... specify the depend- 
able, long life — MH-2. 


Write for literature. 





Electronics 
Products 
Division 





POST MACHINERY COMPANY 


Beverly, Mass. 
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NEW BOOKS 


standing of the various phases of work 
which are necessary for the design and 
construction of a modern plant. All 
too often the educational background 
of the instrument specialist does not 
encompass the vast areas of chemical 
engineering, business administration, 
and other fields in which he must 
have sufficient knowledge to relate his 
activities to other departments within 
his organization. While the prime 
responsibility for coordination lies with 
the project engineer, it is becoming 
increasingly necessary for instrumen- 
tation specialists and particularly in- 
strument department heads to antici- 
pate the routine problems which arise 
from process and engineering pro- 
cedural requirements. ‘The authors 
point out that successful instrumen- 
tation demands close cooperation 
between process, project, and instru- 
ment engineers, and a mutual under- 
standing of each other's fields, as well 
as an appreciation of new techniques 
and developments in their own fields 
which continue at a bewildering rate. 
The book is a record of information 
and techniques used in plant design 
and a discussion of ideas that many 
project engineers have developed 
through years of practice. Similar rec- 
ords prepared by project engineers hav- 
ing varying backgrounds in operating 
and engineering-contracting companies 
will add to the stature of the profes- 

sion. 
Urie Yarden 


How to Up Production 


PRACTICAL AUTOMATION. Lester R. 

Bittel, Morley G, Melden, & Rob 

ert S. Rice, Associate Editors, ‘‘Fac- 

tory Management & Maintenance.” 

376 pp. Published by McGraw-Hill 

Book Co., Inc., 1957. $7.50. 

This illustrated guidebook shows 
plant management how to install and 
use automation to increase produc- 
tivity, lower operating costs, and im- 
prove safety and working conditions. 
Throughout the book, the word auto- 
mation is used in the broadest sense. 
As the authors state . practical 
automation includes technological de- 
velopments that increase industrial pro- 
ductivity—tregardless of the form they 
take. We do not require the criterion 
of ‘feedback’ control.” 

In a section devoted to the funda- 
mentals of automation, the book tells 
the plant manager what automation 
can mean to him and how he can 
automate. It considers both piecemeal 





HIGH RESISTANCE 


MEGOHMMETER 


Up to 50,000,000 megohms! 

Test voltage variable 100-600 vdc! 
Uncrowded 412” meter scale! 
Automatic capacitor discharge! 
Safe test terminals! 

Only $365! 


Here’s the only high resistance megohmmeter 
selling at $365 with features not found on instru- 
ments selling for twice as much. Measuring 
range up to 50,000,000 megohms to meet the 
requirements of recent advances in insulating 
materials. The L-7 Megohmmeter is housed in a 
hardwood case with recessed vertical pane! and 
convenient carrying handle 


Industrial Instruments has a wide selection of meg- 
ohmmeters for both laboratory and high-speed 
production testing. Choose the model that best 
suits your needs from this table of specifications. 





TEST RANGE POWER 
Model | Voltage low High 





Consumption 





L-2A | 200 fixed |] meg 100,000 meg. 40 watts 





L-4A |200 and | 1 meg 100,000 meg.| 52 watts 
500 fixed | 2.5 meg.} 250,000 meg 





100 to 1 meg 
600° 


100,000 meg.| 82 watts 





5x10"? ohms 75 watts [$365 
600° 


























*Continuously variable, built-in voltmeter for accurate setting 


Write today for complete catalog of 
Electrical Test Equipment manufactured by.. *, 


Industrial 
Instrume ns inc. 


Commerce Road, Cedar Grove. Essex County. N. J 





ROTARY AIR MOTORS, COMPRESSORS, VACUUM PUMPS 
(j i ] OFFER BIG ADVANTAGES AS ORIGINAL EQUIPMENT ON 
HUNDREDS OF PRODUCT APPLICATIONS . . . 
—<ea Ce * TYPES, 5 SIZES—TO 3 HP 


specifications 


aS 
Explosion-proof Gast Air Motors give ft : 
you amazing compactness and light weight output at 60 psi —— : a > 
for hp rating. You get the advantage of « modei no. =a - ; . 
| e- 











wide range of variable speeds plus low 1AM 0.11 hp @ 2,000 rpm 
. ’ a ‘ 0.21 hp @ 5,000 rpm 
speeds without stalling. They'll start in -_ ii 





1AM-NCC-11 


any position. They can't burn out from 2AM ot = @ ooo = 
overloads. Rotor vanes take up their ee 


™ ‘ 4AM | O@7hp @ 500 rpm 
own wear. Simple, almost service free, | 0.67 hp @ 1,500 rpm 


Gast Rotary Air Motors “fill the bill” 4A we 
in many equipment applications with low 1 hp 
first cost. Be 
hp 


specifications 
Integral (motor-pump)—Compact, light } rec, Mex. pres- 
weight, efficient “package” units. Vanes __sure psi 
take up their own wear. Compressor model | model no. | cim | ; 10 min- 
rotor mounted on motor shaft for quiet, | — b..* | 
pulseless air delivery. integrel = en. 
Light-Duty — For intermittent service. (motor. | 
Quick pick-up, positive displacement. Re- pressor) 
semble heavy-duty models but without 
fans or deep cooling fins, not needed for light- 
brief operating periods. Simpler lubrica- duty 
tor. (Net iHustrated) 
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| woo 





~~ | oe 


f 


wpe | 
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heavy- | 
Heavy-Duty -Fan-cooled—For long, con- duty 
tinuous operation. Rotary design gives al 
more air per lb., per hp. Automatic | 
lubricator has self shut-off. | 


oo 
wuuuouw soo, wouwnw 
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= wow 
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os 
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*Weight without base or motor, except integral models. 


ST” TYPES, 16 SIZES—TO 28 IN. 


specifications 





Integral (motor-pump) — Compact, light 
weight, “packaged”’ units. Save mounting 

cost and time. Especially suited for port- | 
able equipment. Rotor mounted on motor model | model no. | chm contin- 
shaft. Rotary design gives quiet operation, | wously on-off 
pulseless vacuum. Vanes take up own integral “hae ~ 95 
wear. (motor- 27 


15 
pump) 28 





| rec. mex. vecu- 
um, In hg. 


| 10 min-| hp 
utes 


© 


| 
| 


: 
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Light-Duty — For intermittent service. 
Give quick pick-up, trouble-free perform- ey 
ance. Resembles heavy-duty models but i 
without external fans or deep cooling fins. 

Simpler lubricator. (Not illustrated) heavy-_ 
Heavy-Duty-Fan-Cooled — Built for con- Sov 
tinuous service, dependability, minimum cooled 
maintenance. Forced air cooling, deep 
cooling fins. Automatic lubricator has 
self shut-off. “Weight without 


| 

aa | 00 

oun)! @ 
! 
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motor, except Integral \° 1065-V4-34 


OIL“LESS AIR PUMPS Gast offers you specialized experience in air motors, Compressors 


and vacuum pumps for original equipment. Based on 9 design 
Destiehte ta 5 types and 17 sizes, over 200 different Gast models go into pro- 
duction each year. With the various accessories, these models 
have a tremendous number of applications. 


| sizes, separate 
drive — 2 sizes, 
integral - motor. “Air may be your Answer!” Write for detailed information on your application. 
Write for ‘‘Oil- Original Equipment Manufacturers for Over 25 Years 
tees” Bulletin. KIKCMOTORS - COMPRESSORS - VACUUM PUMPS 


3040-V103 (TO THREE H.P.) (TO 30 185.) (10 28 INCHES) ‘ 
Benton Harbor, Mich 
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Whditrol 


NUMERICAL CONTROL 
SYSTEM FOR 
MACHINE TOOLS 





Wang Laboratories, Inc. has developed a new 
contour control system for machine tool opera- 
tion. This is a self-programmed, numerically 
controlled system, operating directly from 
paper tape or punched card. 


For more details write Dept. C-9. 


Illustration shows a Weditrol system de- 
signed for high-speed production lathes. 





WANG 
LABORATORIES 


INCORPORATED 
37 Hurley St., Cambridge 41, Mass. 
UNiversity 4-8380 


CONTROL 
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NEW BOOKS 


and full-scale automation, and the ap- | 
plication of each to the job shop and | 


small plants. 

Section II covers 
the various manufacturing processes. 
Materials handling, inspection, and 
assembly are also shown to be sus- 
ceptible to different degrees of auto- 
mation. Other sections of the book 
get into plant engineering and main- 
tenance for automation, and other 
problems that accompany the advent 
of automation in a plant. 


For Reference 


STANDARD HANDBOOK FOR ELEC- 

PRICAL ENGINEERS. 9th edition pre- 

pared by a staff of specialists under 

the editorship of Archer E. Knowl- 
ton, consulting editor, Electrical 

World. 2311 pp., illustrated. Mc- 

Graw Hill Book Co., Inc., New 

York. $19.50. 

This well-known reference book has 
been considerably revised and updated 
in its ninth edition, which represents 
an attempt by the authors to incorpo- 
rate all the latest developments in the 
electrical art. 

New or extended material has found 
its way into every section. The con- 
ductor tables (Section 4) have been 
completely recomputed to conform 
to the latest ASTM standards. Mate- 
rial on the electrical measurement of 
nonelectrical properties has been ex- 
panded because of its value today in 
the field of industrial automation. 
[he addition of new  telemetering 
methods, plus other changes, make the 
measurements section considerably 
more useful to both users and manu- 
facturer of electrical instruments. Mag- 
netic amplifiers are also treated more 
extensively in conjunction with con- 
trol. 

Transistors, which have really come 
of age since the eighth edition, are 
treated quite extensively in Section 
23 (some 14 pages are used to cover 
semiconductor theory and applica- 
tion). Sections on illumination, power 
transmission, and electricity in trans- 
portation have also been greatly mod- 
ified. 

In spite of the sizable additions 
mentioned above, the editor and the 
authors have maintained the overall 
size of the volume within tolerable 
limits. This has been accomplished 


by eliminating much of the material | 


which pertained to now obsolescent 
practices. 


automation in | 


FINE PRECISION 
TOP QUALITY 
GEARS 


... IS routine production at 
Boehme. A glance at this 

High Precision Reducing Gear 
Train (300-1 in 6 steps) exemplifies 
the skill and abilities of 

BOEHME 

Instrument Craftsmen 


Fine Precision 

Top Quality Gears 

are not hard to get at 
BOEHME 


If your requirements include 
up to AGMA Precision #3 
¥g” to 5” 0.D. 

180 — 16 DP. 


There is no obligation... 
just send us your 
requirements. They will 
receive prompt attention. 


H.O. Boehme, Inc. 
Designers and Manufacturers 
Communication Equipment 

Precision Electro-Mechanical 

Apparatus Since 1917 

915 Broadway 

New York 10, N.Y. 





Ring Balance Meter 

Accurate (+0.5% full scale) and 
versatile, Hagan Ring Balanceis 
a standard flow meteradaptabie 
to many unusual applications. 
Here, it is mechanically com- 
pensated for variations in pres- 
sure and temperature. Either 
pneumatic or electric output sig- 
nai. Unique design provides 
many other advantages—Dead- 
weight calibration without re- 
moving meter from line—Full 
scale adjustability with any given 
ring— Ranges up to 560” wc; 
pressures up to 15,000 psi. 
Ask for Bulletin MSP 141. 


PR-O Pressure Ratio Computer 
Accuracy to 0.5% of ratio range, 
30 to 1 turndown on input pres- 
sures, and broad flexibility are 
the major features of this me- 
chanical computer. Here, it is 
shown continuously generating 
a signal that represents com- 
pressor pressure ratio to be 
used in an automatic surge con- 
trol system. Available in models 
which perform wide range 
square root extraction, squaring 
or multiplying operations and 
accept absolute, gage or dif- 
ferential pressures upto 400psi. 
Ask for Bulletin MSP 103B. 


BTU Meter 

Here, the standard Ring Bal- 
ance meter is teamed with a 
Hagan PowrAmp Model ‘‘P’’ dc 
amplifier to produce an accu- 
rate measurement and record 
of liquid flow, temperature dif- 
ference and heat removal by a 
cooler. This device computes the 
product of liquid flow times 
temperature difference. Tem- 
perature differences as low as 
10°F, full scale, can be measured 
and converted into motion by 
the Model “P"’ amplifier and 
associated servo-motor system. 
Ask for Bulletin MSA 107A. 


PowrAmp* Model “‘P’’ Amplifier 
0.1 sec. full scale response, 
+%4% accuracy (based on input, 
10cps frequency response) 
fully qualifies the Model “‘P”’ dc 
amplifier for all types of tem- 
perature control. Using no slide- 
wires or motors, the Model “‘P”’ 
is a feedback stabilized ampili- 
fier with high gain and good sta- 
bility. Maintains fast response 
even at low inputs. It is suitable 
asatemperature transducer for 
control and data logging applica- 
tions, wherever high speed and 
high sensitivity are essential. 

Ask for Bulletin ‘Facts & Features”. 


SENSING ELEMENTS ...THAT COMPUTE! 


Control systems, whether computer operated or not, 
can only be effective if the data supplied is accurate. 
Hagan sensing elements for all basic variables not 
only provide high accuracy at reasonable prices 
but also compute. 

Flow meters corrected for changes in fluid density, 
BTU meters to calculate the heat exchange energy 
at a given point and equipment to divide, multiply, 


*Registered Trademark 


HAGA 


square or extract square root directly from process 
variables or pneumatic signals—-these are all ready 
for your application. 

Hagan engineers, skilled at applying pneumatic, 
hydraulic and electronic equipment to control prob- 
lems are eager to work on your particular problem. 
A letter or phone call will bring you more informa- 
tion on any of the equipment illustrated here. 


CHEMICALS & 
CONTROLS, INC. 


HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 
DIVISIONS: CALGON COMPANY: HALL LABORATORIES 
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THE ACTON 550-A 
Direct-Writing Direct-Reading 
OSCILLOGRAPHIC 
RECORDER 


5 times the resolution* 
15 times the recording capacity* 
1/25 the operating cost* 


Based on the nearest ALI com- 
petitor approaching the 550-A 


characteristics. 


Direct writing —no develop- 
ment required — view re- 
cording immediately. 

* Eight channels plus marker. 

* +10% from DC to 800 cps 
without changing galvanom- 


eters. 


g 


For more details, 
send for our com- 
plete brochure and 
a sample recording 


LABORATORIES, INC. 
533 Main St., Acton, Mass. 
COlonial 3-7756 
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ADVERTISING 


AC Electronics Div. of General 


Corporation of America. 


AMP Incorporated 


| Abrams Instrument Corp 


Ace Electronics Associates, Inc 
Acton Laboratories, Inc 
Airpax Products Company. 
Alden Products Company 
Allied Control Co., Inc. 


Alwac Corporation 


American Time Products, Inc. 


Ampex Corporation 


| Amphenol Electronics Corporation. . 


Analogue Controls, Inc. 

Annin Company, The... . 

Applied Science Corp., of Princeton. . 
Ashland Electric Products, Inc 
Askania Regulator Company 
Automatic Electric Sales Corpora- 


tion 69, 70, 71, 


BJ Electronics ee 
B/W Controller Corporation 

Bailey Meter Company 
Baird-Atomic, Inc. 
Baldwin-Lima-Hamilton 
Barber-Colman Company ..... . . 16, 
Beckman Div., 


Systems Beckman 


Instruments, Inc. 


Bendix Aviation Corporation 
Eclipse-Pioneer Division 
Pacific Division 

Benson-Lehner Corporation tt 

Berkeley Division Beckman _Instru- 
ments, Inc. 

Biddle Co., James G. 

Black, Sivalls & Bryson, Inc. 

Boehme, Inc., H. O. Pe fi ae 

Borg Corporation, The George W. 

44, 

Bourns Laboratories oar d 

Brew & Company, Inc., Richard D.. . 
102, 

. .206, 

Bryant Chucking Grinder Co....... 


Bristol Company, The 


Brush Electronics Company. 


Buchanan Electrical Products Corp... 
Burroughs Corp., Electronic Instru- 


33, 34, 35, 


ments Division 


IN THIS ISSUE 


C. B. C. Electronics Co., Inc 

CBS-Hytron Div., Columbia Broad- 
casting System, Inc.... 

CDC Control Services, Inc. 


Caledonia Electronics & Transformer 


Cannon Electric Co... ... 
Cash Company, A. W. 


Century Electronics & Instruments, 


Clare & Co., C. 
Clevite Transistor Products Div. 
Clevite Corp. .. 
Clifton Precision Products Co., Inc 
Colorado Research Corporation 
Computer Instruments Corporation 
Computer-Measurements Corp 
Concord Control, Inc 
Conoflow Corporation . 
Consolidated Electrodynamics Corpo- 
ration eo 246, 
Control Div. Magnetics, Inc. 
Control Products, Inc... 


Cuno Engineering Corp. 


Dahl Company, Inc., George W 
113, 114, 

117, 118, 119, 
122, 


Daystrom Instrument Div., 


Daystrom, Inc. 


Daystrom Inc. =a 
Daystrom Pacific Corp., Div. 
Daystrom Inc. . 
Daystrom Systems Division, 
Daystrom Inc. 
Daystrom Transicoil Div., 
Daystrom Inc. 
Decker Aviation Corp. 
DeJur-Amsco Corporation 
Detroit Coil Company. . 
Donner Scientific Company 
Douglas Aircraft Co.. . 
DuMont Laboratories, Inc., Allen B. 


Dyna-Empire, Inc. .. 


Ebert Electronics Corp... 

Electro Instruments Inc... .. . Kg 
Electro-Snap Switch & Mfg. Co. 210, 
Electro Switch Corporation. . 


Continued on page 356 











«ym with UNIVAC 


“’M WITH UNIVAC’®... your password to a new and exciting world of oppor- 
tunity. A career with Univac takes you behind the scenes of important developments 
in national defense, scientific research, business and industry. The tremendous ad- 
vances made by Univac in automatic data processing and automation vitally affect 


all of these fields. 


Become a member of the team that designs and builds the world-famous Univac 
electronic computers. Build a future for yourself in the most fascinating, fastest- 
growing industry of our times. Investigate the outstanding opportunities now open 
to you at Univac — world leader in this industry. 


You'll be proud to say: “I’M WITH UNIVAC.” 


Memington. Hand. Univac. 


DIVISION OF SPERRY RAND CORPORATION 


Check the following openings at any of these three locations 


PHILADELPHIA, PA. 


Electronic Engineers (Circuit Designers and 
Magnetics Engineers), Logical Designers, 
Electro-Mechanical Engineers, Technical Pub- 
lications Engineers, Mathematicians — for 
work on the LARC and Magnetic Computers. 
Send complete resumé to Mr. James Drumm, 
Dept. PA-7, 1900 W. Allegheny Ave., Phila- 
delphia, Pa. 


® Registered in U. S. Patent Office. . 


SO. NORWALK, CONN. 


Mechanical Engineers for development of 
automation instruments... computer input 
and output mechanisms . . . memory devices. 
Also Designers, with or without formal de- 
grees, if qualified. Send complete resumé 
to Mr. Robert Martin, Dept. NA-7, Wilson 
Ave., South Norwalk, Conn. 


ST. PAUL, MINN. 


Openings here are for Electronic Design 
Engineers, Electro-Mechanical Design Engi- 
neers, Field Location Engineers, Field Loca- 
tion Technicians, Mathematicians and Physi- 
cists. Send complete resumé to Mr. R. K. 
Patterson, Dept. SA-7, Univac Park, St. Paul 
16, Minnesota. P 





CRITICAL 
POT SPECS* 
are met at ag 6 








Equipment designers who demand 
more than “shelf item” specifications, 
rely on CIC for dependable delivery of 
ultra-precise potentiometers. 

The result of CIC research, carbon 
film potentiometers are setting new 
standards of accuracy, life at higher 
speeds and performance reliability. 

CIC has assisted many firms in a wide 
variety of industrial instrumentation, 
military fire control and flight guidance 
equipment. 

Why not discuss your specific re- 
quirements with us? 


*New carbon film techniques assure 
virtually infinite resolution; linearity 
to .01%, sine-cosine to .025%; 
compact ganging; precision ball 
bearing servo construction. 


“For Precision Performance...specify CIC” 


& Detailed Technical Data 


Sheets available on request. 


COMPUTER 
INSTRUMENTS -} 
CORPORATION 


Aadison Ave. ® Hempstead, Long Island, N. Y 
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Electronic Associates, Inc 


| Electronic Measurements Company, 


Elgin National Watch Co., 
Electronics Division . . 

Engineered Electronics Company. . . 

Epsco, Incorporated 

RBM Div.. 


Exactel Instrument Co. 


Essex Wire Corp., 


Feedback Controls, Incorporated.... 10 
Fenwal Incorporated ............. 80 
Fischer Governor Company.......8, 9 
Fischer & Porter Co. Fourth Cover 
86, 205, 
Ford 

Sperry Rand Corporation. ....96, 97 


Instrument Co., Division of 
Foxboro Company, The 


Franklin Electronics, Inc. 


G-M_ Laboratories, Inc. 
Gamewell Company, The. . 
Gast Manufacturing Corp... 
General Ceramics Corporation. . 
General Electric Company 
Apparatus Sales Div.......12, 13, 37 
Computer Dept. cqattihe a 
.208, 209 
General Mills, Mechanical Division. . 297 
221 
General Transistor Corp.. i @ 
Giannini & Co., Inc., G. M. 
Globe Industries, Inc.. . 


Goodyear Aircraft Corporation. . . . 


Electronics Park 


General Precision Equipment Corp. . 


Gow-Mac Instrument Co.. 
Graphic Controls Corporation 
Green Instrument Co., Inc.. 
Guardian Electric 

Industries, Inc. 


W. & L. I 


Gulton 


Gurley, 


Hagan Chemicals & Controls, Inc. 
Harrison Laboratories, Inc. 

Hart Mfg. Co., The. . 

Haydon Company, The A. W...... 
Hays Corporation, The. . 


Heath Company, Division Daystrom 


Hetherington Inc. 


Hewlett-Packard Company 105, 
107, 


Continued on page 358 
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The Alden 
“PAN-I-LITE” 
Actual Size 


“8: 3 Times Greater Light Efficiency 
A tiny bulb, only 1/6 the size of minia- 
ture bayonet bulbs is actually sealed 
high up in its own translucent lens. This 
bulb-lens unit expands the light into a 
brilliant glow that is... 


-e- Visible From Any Angle — Any Distance 
7 Lens glows like a red hot poker in a 180° 
arc. 


- ‘e- Non-Refracting —- Unobtrusive When Unlit 
” Even brightest lights will not cause false 
indication 


et Eliminates Bulky Focusing or Refracting 
‘” Devices 
All light intensity is kept in front of the 
panel. The translucent, faceted lens ex- 
pands the light into a brilliant glow 
(much like frosting the inside of incan- 
descent light bulbs). 


*e. - Instantly Replaced From Front Of Panel 
4 ki Merely drill a .348” hole and snap-in for 
mounting. Holds fast under shock or 
vibration. Bulb lens assembly replaces 
from front of panel. 


=e. — Of Colors And Veltages 
, 12V, 24V, 110-220V Neon 


Write hs full information — today. 


ALDEN PRODUCTS COMPANY 
9128 No. Main St. @ Brockton, Mass. 


GOW-MAC 


GAS CHROMATOGRAPHY 
ej =] 5 


Fast! Accurate! 
Economical! 300 


Thermal Conductivit y cel 7 
For 435°C . operation. Three 
models in brass or stainless 
steel to meet specialized ap- 
plications. Small internal 
volume, fast response, 
venient mounting, electrical 
connection outside of bath. 
Temperature Regulated Cell 
For operation at room tem- 
perature or 300°C. A com- 
plete T/C unit with brass 
or stainless steel gas flow, 
preheater, close temperature 
regulation, rapid electrical 
and gas connections. 
Power Supply and Control Unit 
gives five minute hook-up 
with complete circuitry for 
these T/C cells. For catalogs 
or recommen- 
dations, write 


Dept. 7 oe 
From $55.00 


INSTRUMENT 


MADISON, N.J. *® FRontier 7 


con- 


gta MAC 


KINGS RC 


co. 





To engineers lost in a forest of details... 


DOUGLAS CLEARS THE WAY FOR CAREER BUILDING WITH 
MAJOR ASSIGNMENTS BASED ON ABILITY 


In planning your career, it’s important to know that your job is more than a mere detail in a vast 
project. At Douglas, you work as part of a team sharing total responsibility for projects of prime 
importance. This gives greater scope to your assignment... and with promotion from within, more 
opportunity to chart your future. Many important Douglas 
assignments are awaiting career-minded engineers. For example... 
AERODYNAMICISTS ARE NEEDED NOW|! 


quer wits Aeronautical Engineers with undergraduate and 
> (¢ graduate degrees and Physicists with advanced degrees 


and on hypersonic aircraft in all phases 
of development from design to ultimate delivery. 


oP QOQUGL <<, _ work on supersonic aircraft now in production... 
\ 
\ 


For important career opportunities in your field, write: 


c.c. LaVENE 
DOUGLAS AIRCRAFT COMPANY, BOX D-620 


SANTA MONICA, CALIFORNIA 
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the manometer 
becomes an operational 





instrument for research 
and industry 





EXACTEL 
SERVOMANOMETERS 


precision of a manometer 
... utility of a servo 


Presents column height as a proportional 
shaft position. 


Uses any manometer liquid. 
Maximum convenience of operation. 
Fast, high performance, high torque servo. 


Optional use of stainless steel tube for high 
pressure or great range. 


Greatest resolution and precision of any 
pressure instrument. 


Assured long term accuracy. 

Sensitivity of one micron when using vac- 
uum oil as manometer liquid 

Slotted plate area permits mounting and 
gearing of readout and control devices. 
Complete freedom from drift. 

Available in great ranges. 


Permanent reference evacuation for 
barometers. 


Write for Exactel Bulletin 
500. Exactel Instrument Co., 
5545 Eva Avenue, Los Altos, 
California 
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NA LSE - ee ee 

Holtzer-Cabot Motor Division, 
National Pneumatic Co., Inc.... . . 225 

Hughes Aircraft Co 

Humphrey Inc. 

Hunter Mfg. Co., Inc 

Hydraulic Research & Mfg. Co... 


348 


Indiana Steel Products Company, The 112 
Industrial Electronics, Inc 
Industrial Instruments, Inc... 
International Business Machines Corp. 
International Radiant Corp 
International Resistance Co. ..... 
International Telephone & ‘Telegraph 
Corp. Industrial Products Div.. . 
Kay Lab (KINTEL) 


Kearfott Company, Inc 


314 


Kepco Laboratories, Inc........... 
KINTEL (Kay Lab) 
Kirkland Co., The H. R 


Kybernetes Corporation, The 


Lambda Electronics Corp.. . 
Landis & Gyr Inc 

Leeds & Northrup Co.......... 24, 274 
Leland, Inc., G. 
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Librascope, Inc. 


Linde Div. 
Carbide Corporation 


Company, of Union 
Litton Industries 


Lockheed Aircraft Corporation... .. 


Manning, Maxwell & Moore, Inc..64, 65 
Marsh Instrument Co............. 310 
Mason-Neilan ...... 215, 216, 217, 218 
Massa Laboratories, Inc. 
Maxson Instruments 
McLean Engineering Labs 
Meriam Instrument Company, The. . 268 
Midwestern Instruments 
Minneapolis-Honeywell Regulator 
Company 

Boston Division 

Davies Labs. Division 

Machine Controls Div 
Minnesota Mining & Mfg. Co.. .232, 
Moeller Instrument Company 
Moog Valve Co., Inc 
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Now Ready! 


ANALYTICAL 
DESIGN 
OF LINEAR 
FEEDBACK 
CONTROLS 


By GEORGE C. NEWTON, Jr. 
LEONARD A. GOULD, and JAMES 
F. KAISER, all of the Massachusetts 
Institute of Technology. 


Shows how you can achieve analytical 

solutions of practical control problems, 
and demonstrates techniques through 
use of simplified models and constraints. 
This important work presents the results 
of the authors’ extensive research on the 
analytical design method. They show 
how such factors as input noise, dis- 
turbances, non-minimum phase fixed 
elements, and saturation tendencies in 
fixed elements place definite bounds on 
the performance that can be achieved 
in linear systems. By consolidating the 
literature in the field of analytical de- 
sign theory so as to make it more read- 
ily available to engineers and scientists, 
the authors also point out the practical 
utility of the theory. 


Check these chapter headings: 


@ Review of the Control Art 

ao Adjustment of Parameters to Mini- 
mize Integral-Square Error 
Stochastic Signals 
Adjustment of Parameters to Mini- 
mize Mean-Square Error 
Minimization of Mean-Square and 
Integral-Square Error, Semi-Free Con- 
figuration 
Limitation of Saturation Tendencies 
in Fixed Elements 
Design of Control Systems for Mini- 
mum Bandwidth 

@ An Application of Analytical Design 
Theory to a Practical Problem 

1957 


419 pages Illus. $12.00 


Order a 10-day ON-APPROVAL copy NOW! 


JOHN WILEY & SONS, Inc. C0-97 
440 Fourth Ave., New York 16, N. Y. 


Please send me a copy of ANALYTICAL 
DESIGN OF LINEAR FEEDBACK 
CONTROLS to read and examine. 
Within 10 days I will return the book 
and owe nothing, or I will remit $12.00, 
plus postage. 


Name 
cd aaa a6s-0a 


ET ido dis.s cae’ a s BONED. 0060s 


SAVE POSTAGE! Check here if you 

CLOSE payment, in which case we 

pay postage. Same return privilege, of 
course. 
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Here G. D. Schott (right), Flight Controls Department head, discusses computer solutions of control and guidance prablems with 
E. V. Stearns (center), Inertial Guidance Department head, and J. E. Sherman, Analog Computer Section head 


Lockheed Missile Systems announces new positions in 


MISSILE FLIGHT CONTROLS - the creative field for engineers 


Few fields equal missile systems flight controls in the need for original thinking. 
The ever-increasing performance of missiles presents problems that grow constantly 
in complexity. At Lockheed, weapon systems programs demand important 
advances in flight controls. Emphasis is on new ideas, new techniques. 


Positions are open on the Sunnyvale, Palo Alto and Van Nuys staffs for engineers 
possessing strong ability and interest in: Research and development of advanced 
flight control systems for controlling missiles and rockets; system synthesis 

by application of control system feedback techniques; analysis and design of nonlinear 
servo systems; development of transistor and magnetic amplifier techniques in 

the design of advanced flight control systems; analysis and simulation of the dynamic 
performance of the guidance — autopilot — airframe combination; development 

of systems utilizing advanced types of inertial and gyroscopic instruments; 

analysis and design of hydraulic servo systems for controlling missiles at high Mach 
numbers; environmental and functional testing of prototype flight control systems. 


Inquiries are invited from engineers possessing a high order of ability. 
Address the Research and Development Staff, Palo Alto 15, California. 


MISSILE SYSTEMIS : A DIVISION OF 


Gedbbeed 


PALO ALTO + SUNNYVALE + 








VAN NUYS 


SAN FRANCISCO 
PALO ALTC 
SUNNYVALE 


SANTA CRUZ 
TEST BASE 


LOCKHEED AIRCRAFT 


| |PALO ALTO 
¥ 32 MILES FROM 
SAN FRANCISCO 


ne SUNNY VALE 
\ 38 MILES FROM 
: SAN FRANCISCO 


“= SANTA CRUZ 
TEST BASE— 
50 MILES FROM 
\. SAN FRANCISCO 


\ 

—> VAN nuvs— 
{ 22 MILES FROM 
) (O06 ANGELES 

| 


CORPORATION 


CALIFORNIA 





NEW! Miniature 
Transistor Computing 
Amplifiers 


Model 807 Cover-Off View 


8000-++ hours in operation with 
no failures and still going! 


Here for the first time are 
lightweight, critically accurate 
computing amplifiers offered 
on an off-the-shelf basis! 
Smaller than a package of cig- 
arettes, each of these 400 cps 
AC amplifiers has shown: 

* High stability and accuracy 
* Environmental tested relia- 
bility. —55°C to +85°C 
* Excellent operating effi- 

ciency. Better than 90% 


MAXSON MAKES 


SPECIFICATIONS 


807 Series Summation Amplifier: 
Output Voltage (rms): 8 (into 3,500 
ohms); Phase Shift: less than 0.15°; 
Accuracy: +0.1%; Typical Load: 
Mark 4 Mod 0 resolver’. 


807-1 Preamplifier: Output Voltage 
(rms): 4 (into 5,000 ohms); Phase 
Shift: less than 0.15°; Typical Load: 
5,000 ohms. 


808 Parallel! Summation Computing 
Amplifier: Output Voltage (rms): 22 
(into 3,500 ohms); Phase Shift: less 
than 0.15°; Accuracy: +0.05%; Typi- 
cal Load: Mark 4 Mod 0 resolver’. 


809 Automatic Gain Control Comput- 
ing Amplifier: Output Voltage (rms): 
Max. undistorted output 0.4 volt into 
10,000 ohms; Phase Shift: less than 
5°; Typical Load: 10,000 ohms. 


*On special order for use with other 
resolvers. All silicon transistors and 
diodes. 


For complete specifications, request 
Data Sheet 807-9/757A. 


MAXSON 
INSTRUMENTS 


47-37 Austell Place 
Long Island City 1, New York 


Division of The W. L. Maxson Corporation 
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Moore & Co., Samuel, Dekoron 
Products Div. 


| Morehouse Machine Co. 


| Motorola, Inc. 


Muirhead & Company, Ltd 


| Mycalex Corporation of America. . . 


| New Hampshire Ball Bearings, Inc... 
| Non-Linear Systems, Inc 


Norden-Ketay Corporation .... 
North Electric Company 
Norwood Controls . 


Offner Electronics Inc 


Ohmite Manufacturing Company. . . 


Oster Mfg. Co., John.... 


Palmer Thermometers, Inc. 
Partlow Corporation, The 


Pegasus Laboratories, Inc.. 


| Penberthy Mfg. Co... 


Perkin-Elmer Corporation 
Vernistat Division 

Perkin Engineering Corp. 

Phalo Plastics Corporation 


Philbrick Researches, Inc., George A. 


265, 2 


Philco Corp., 


Government & Industrial Div. 
Lansdale Tube Co., Div... .. 
Phillips Control Corp. 
Post Machinery Company 
Potter & Brumfield, Inc.. 
Potter Instrument Company, Inc... . 


Power Designs Inc.. 


RBM Div. Essex Wire Corp.. . 
RCA Components Division 

RCA Electron Tube Division 
Radiation, Inc. 

Radio Frequency Laboratories, Inc... 
Radio Receptor Company, Inc... .. 
Ramo-Wooldridge Corporation, The. 
Raytheon, Special Tube Division. . 
Reeves Instrument Corporation... . . 


Reeves Soundcraft Corp... . 


| Remington Rand Univac Div. of 


Sperry Rand Corporation 


Robertshaw-Fulton Controls  Co., 


Instrument Division 


Continued on page 362 


_ KLOCKOUNTER 


in one : unit. . he new improved Kioc- 
does the job a a timing clock and a 


secon 
ane ¢ ‘one-hundredth, or one one-thousandth 
asured. 


can me 
The Hunter Electronic KiocKounter is an instrument 


Also 
a catalog of other precision built unter electronic 
equipment. 


(=| Honter [= 


MANUFACTURING COMPANY, 
INC. 


108 North Linn Street Dept. CE 
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IF YOU USE FORCE 
MEASURING OR LOAD 
WEIGHING SYSTEMS 
HERE IS YOUR IN- 
SURANCE 


Obviously, we are not in the insur- 
ance business . . . 

Our job is to build MOREHOUSE 
PROVING RINGS, devices designed 
to check the accuracy of every weigh- 
ing system, load cell, dynamometer, 
force measuring system, testing ma- 
chine, etc. in your plant. Thus, in a 
sense, we are in the accuracy insur- 
ance business. 

Inaccuracy may be wasting time and 
money in your plant. Don’t take 
chances. Investigate MOREHOUSE 
PROVING RINGS today. Each ring 
is individually calibrated and certified 
by the National Bureau of Standards. 


NEW “‘A-B-C” BOOKLET 
AVAILABLE 


§ The most practical handbook 
= VY available today. Write for it 
J, GY now! 


MOREHOUSE MACHINE CO. 


233 W. Market Street © York, Pa. 














PROJECT AND SENIOR PROJECT 
ELECTRONIC 

















With a BS degree in EE or ME and at least 
three to ten years applicable Electronic experi- 
ence for key positions with AC—The Electronics 
Division, General Motors Corporation. 

We need a few more highly analytical systems 
engineers; equipment engineers versed in our 
“hardware”; engineers with actual field testing, 
telemetering, evaluation analysis, set-up of envi- 
ronmental testing, etc. 


We work in every phase of Research, Design, 
Development, Reliability and Production in these 
exciting fields: 
AVIONICS 


COMPUTERS 
(Analog-Digital) 


INERTIAL GUIDANCE 


JET ENGINE 
FUEL CONTROLS 


Automotive — Aeronautical— 
Electro-Mechanical Devices 


( General 





























You will enjoy working with the top men in 
the field, utilizing the finest of test, research and 
development facilities. The above plant, just 
added in suburban Milwaukee, is part of our 
major expansion program. 


Rewarding, satisfying, challenging permanent 
opportunities await qualified engineers. 


You and your family will enjoy Milwaukee's 
“small town hospitality” and “metropolitan 
shopping and cultural advantages.” 


For immediate, confidential interview in your 
area of an invitation to visit Milwaukee at our 
expense and discuss your potentialities with our 
staff engineers, send resume today to *Mr. Cecil 
E. Sundeen, Supervisor of Technical Employment. 


AC THE ELECTRONICS DIVISION 


Motors Corporation 


Flint 2, Michigan e« 


*Milwaukee 2, Wisconsin 
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STROMBERG-CARLSON 
Special-Purpose 
TELEPHONE HANDSET 





You can mount this special-purpose hang- 
up telephone almost anywhere: on desk, 
wall or piece of equipment. The handset 
shown is only one of many standard and 
special-application types you may order. 
The right-angle bracket provides 6 dif- 
ferent mounting positions. 


HOOKSWITCH 


You can get hookswitches with any spring 
combination you need. Illustrated are 
two of many possible arrangements. 


BRACKET 


This special bracket 

gives you a choice of 

12 different mounting 

positions. You may or- 
der it separately or with any combination 
of components you need. You'll find 
complete details in Booklet T-5005. To 
get your free copy, write to 


Sc 


3: 


STROMBERG- CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
Telecommunication Industrial Sales 
112 Carlson Road, Rochester 3, New York 
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Rotron Mfg. Co., Inc. 
Royal McBee Corporation . 


Ruge Associates, Inc., Arthur C. 


Sanborn Company 

Sanders Associates, Inc... 

Sarkes Tarzian, Inc 

Schlumberger Well Surveying Corpo- 
ration 

Schrader’s Son, 
Co. 

Sensitive evened Instruments Co forp. 2 

Servo Corporation of America. 

Servomechanisms, Inc. 

Sigma Instruments, Inc 

Skinner Electric Valve Division. . 

Baka Meets Cosas... 5... ss 

Sorensen & Company, Inc 

Sprague Electric Co....... = Loe 

Standard Instrument Corp. Div., 
Heat-Timer Corp. 

Standard Oil Company, The. 

Statham Development Corp....... 

Statham Laboratories Fe 

Stepper Motors Corporation....... 262 

Stevens Amold Inc 

Stratos a Div. of Fairchild Engine & 
Airplane Corp. ........ 

Stromberg-Carlson 

Superior Electric Company, The... . 

Swartwout Company, The......... 


A., Div., Scovill Mfg. 


Taylor Instrument Companies. .6, 


Technitrol Engineering Company. 330, 33 


Technology Instrument Corp. 
Third Cover 
Telemeter Magnetics Inc 
Teletronics Laboratory, Inc 
Texas Instruments Incorporated 
Thermo Electric Co., 
Tomkins-Johnson Co., ° 


Transitron Electronic Corp... ..228, 229 


Trio Laboratories, Inc.. 


UAC Electronics Div. of Universal 
Transistor Products Corp... ... 296 

Union Carbide Corporation, 
Division 

United States Gauge Div. American 
Machine & Metals, Inc. 30, 


Linde 


Vickers Electric Div., Vickers Inc. 235 
Victor Equipment Company 363 
Vitramon Incorporated ... . 340 


Wang Laboratories Incorporated 

Waters Mfg. Inc.. 

Westinghouse E Lectric Corp. 

Weston Hydraulics ...... 

Weston Instruments Div. 
Inc. 


Daystrom 


Westronics enemies ated 
Wiley & Sons, Inc., John. 
Wollensak Optical Company . 


PROFESSIONAL SERVICES 


CLASSIFIED ADVERTISING 
F. J. Eberle, Business Mgr. 


EMPLOYMENT OPPORTUNITIES. 364-369 


Aircraft Radio Corp.. 

Applied Science Corp of Princeton : 

Atomic Power Development Associates 

Beggs & Son, Paul W 

Bendix Aviation Corp 
Products Division . 
Products Division-Missiles 

Bristol Co., The. . 

CDC Control Services Inc 

Continental Can Co., Inc 

Foxboro Co., The. 

General Electric Co. es 

Jones & Laughlin Steel Corp 

Leeds & Northrup Co... 

Monarch Personnel |" 

Radio Frequency Labs., 

Sperry Phoenix Co 

Tracerlab Inc. ... 

Westinghouse Electric Corp. 





R. M. H. BERG, 
W. C. CARMICHAEL, 


District Managers 
ATLANTA 3: 


Advertising Sales Manager 
Production Manager 


R. H. Powell, 1321 Rhodes-Haverty Bldg., JAckson 3-6951 


BOSTON 16: 
George S. - Jr., 
CHICAGO 1 


350 Park Square Bldg., HUbbard 2-7160 


John G. isch, 520 N. Michigan Ave., MOhawk 4-5800 


CLEVELAND 15: 
John C. Mitchell, 
DALLAS 1: 
Gordon L. Jones, Vaughn Bldg., 
LOS ANGELES 17: 


1510 Hanna Bidg., SUperior 1-7000 


1712 Commerce St., Riverside 7-5117 


Gene A. Fruhling, 1125 W. Sixth St., MAdison 6-9351 


NEW YORK 36: 


Robert W. Obenour, J. M. Morris, 500 Fifth Ave., OXford 5-5959 


PHILADELPHIA 3: 
W. F. Buehl, Architect's Bldg., 
SAN FRANCISCO 4: 


T. H. Carmody, R. C. Alcorn, 68 Post St., 


17 & Sansom Sts., 


Rittenhouse 6-0670 


DOuglas 2-4600 





RACK MOUNTED OR PORTABLE 


MagnetiK 
Null Indicators 


for d-c bridge 
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Ie for young ENGINEERS attending 
j the INSTRUMENTATION- 
/ AUTOMATION CONFERENCE 
é 


The Standard Oil Company (Ohio) has career 
opportunities in its expanding organization 
for young men with 1-3 years experience 
in instrumentation and automatic controls. 


Model 2HG-1R for 
Relay Rack Mounting 


SENSITIVITY: 
2 microvolts 
per division 


LINEARITY: 
+5% 


Men with chemical, electrical or mechanical 
engineering degrees will be trained to: 
1. Engineer, design and apply instruments to 
refining operations. 


Model 
2HG-1P 


OVER RANGE: Portable 


105 full scale 
2. Performance test and develop new instrument 
devices for our processes. 
3. Develop computers and techniques for 
‘process automation."’ 
Stop in to see us or call about these excellent 
openings while you're in Clevelana 


THE STANDARD OIL COMPANY 


Clyde A. Bruggers 
1737 B Midland Building «+ Cleveland, Ohio 
MA 1-7400 


ox 80 ¢ Bow « « oe w@wame 


Here are two HONEYWELL MAGNETIK 
Nutt Inpicators which feature a con- 
tactless magnetic converter for complete 
input isolation and extra immunity to 
power frequency interference. Write for 
Bulletin NI-1, Minneapolis-Honeywell, 
Boston Division, Dept. 34, 1400 Soldiers 
Field Road, Boston 35, Massachusetts. 


| 
| 
Honeywell Hi] 


BOSTON 


Ooutel C2ser te !OO00 P&/ 


WITH VICTOR GAS-0-DOME REGULATORS 


Gas pressure, not springs, control diaphragm motion to give you 
precise regulation of high-pressure gases at high or low flow rates 
Can be remotely controlled if desired. Safety valve furnished on 
request. More than 55 stock models in the following series: 


ye SET be ome oe ome © crane TNR OTT HT ee 2 eo OS™ BO Re wl 


DIVISION 





GAS-0-DOME 
SERIES 


GD 30 
GD 31 
GD 61B 
GD 62B 


DELIVERY 
RANGE (p.s.i.) 


0-2500 
0-3600 
0-2500 
0-3600 


SPECIAL FEATURES GASES HANDLED 





High Delivery Flow Rates. 
Accurate Valve Control. 





Air 
Argon 
Helium 





Excellent Capacity. Compact — 
7ih— 6" g 6" x 6’ 





VICTOR’S LONG EXPERIENCE 

IN PIONEERING HIGH PRESSURE 
GAS REGULATION is yours for the 
asking. For details, and complete 
data on Gas-O-Dome Regulators, see 
your VICTOR dealer or write us for 
catalog 341. Dealer inquiries invited. 


VicIOR EQUIPMENT COMPANY 


Mfrs. of welding & cutting equipment, hardfacing rods; 


blasting nozzles; cobalt & tungsten castings. 


844 FOLSOM ST. * SAN FRANCISCO 7 


21 


—67° to +160° F. Range. 





GD 80 


0-5000 





GD 81 


0-10000 


Accurate Valve Control. 
—67° to +160° F. Range. 








GD 10 


0-500 


Self-Relieving Pilot Regulator 
Control. High Flow Rates. 





SR 10 


0-1000 


High Pressure, Low Flow. Com- 


pact—4 Ib. —2” x 6” x 6”. 


Hydrogen 
Nitrogen 
Oxygen 

—and others 
non-corrosive to 
bronze and 
stainless steel. 








SR 100 





0-30 & 
0-40 





Corrosion Resistant. 


Ammonia (wet or dry) 
Boron Trifluoride 
Chlorine (wet or dry) 
Hydrogen Sulfide, 
Hydrogen Chloride, 
Sulfur Dioxide—and 
other corrosive gases. 
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@ Research 
@ Testing 
® Design 
@ Patents 


EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—execu- 
tive, management, technical, selling, office, skilled, manual, etc. 
Positions Vacant 
Positions Wanted 
Part Time Work 


NATIONAL 
COVERAGE 


—, Civil Service Opportunities 
i frre Selling Opportunities Wanted 
Selling Opportunities Offered Labor Bureaus 


DISPLAYED RATES——— UNDISPLAYED 

Mhe advertising rate is $22.50 per inch for all adver- $1.80 per line, minimum 3 lines. To figure advance 
tising appearing on other than a contract basis. payment count 5 average words as a line. 
Contract rates quoted on request. Box Numbers—counts as 1 line. 

An advertising inch is measured %” vertically on a Discount of 10% if full ene is made in advance 
column—3 columns—30 inches to a page. for 4 consecutive insertio 

Subject to Agency Commission Not subject to Agency ientestes. 

Send NEW ADS to Classified Agvertsing Div. of CONTROL snemennene, P. 0. Box 12, N. Y. 36, N. Y., 

for October issue closing September 3rd 


Employment Agencies 
Employment Services 


Instrumentation 
@ Control Systems 
@ Economic Studies 
@ Management 








CAREER OPPORTUNITIES 


With a company making premium grade elec- 
tronic equipment for aircraft for almost 30 years. 
Located in the beautiful lake region of Northern 
New Jersey, less than 35 miles from New York City. 


© TRANSISTOR CIRCUIT 
PROJECT ENGINEER 


Systems ¢ GYRO DESIGN ENGINEER 
arn © TECHNICAL WRITERS 
DUCENE MITERMAIOL EL, PhD. ¢ TRANSMITTER DESIGN ENGINEERS 
INDUSTRIAL | BLBCTRONICS Transistors . CaF EA Ws ae SERVE AND 
549 W. Washington Blyd., Chicago 6, Mlinois ee ‘ METHODS ENGINEERS 
Receivers © ENGINEERING QUALITY CONTROL 
Antennas 


C. A. HISSERICH 


Recording Systems and Components 
Tape and Film Transports 
Synehronous Drives 
Modulator Heads 
Wave Filters 

Calif. State Reg. Prof. Eng. B.D. #2082 
PH ONE~-OLympia 2-1934 
954 Hancock Ave. Los Angeles 46, Calif 








McCann Engineering Company 
Consulting Mechanical Engineers 


Design and Development of Test Equipment 
for Synchres, Potentiometers, Gyros, Etc. 
Redesign of Products—Trouble Shooting 

Production—Amtomatic Machinery. 
pecial Machines with Sequence, Form 
Recognition, Dimension —— and 
Special Environment Featu 
9210 So. Vermont Los ‘Angeles 44, Calif. 


Navigation Systems 
Communication 




















H. M. SPITZER 
Automation, Instrumentation, 
Applications Specialist. 


Systems Analysis and Design of Automatic Controls 
and Instrumentation for all Industries. 

Custom Drafting and Blue Print Service. . . 
Blectrical, Mechanical, Structural. 

i us solve your control and instrumentation prob- 
ems 


P. O. Box 53 





DEPARTMENT HEAD 


Enjoy the pleasure of working in a new laboratory 
in a company whose products are known as the high- 
est quality in the industry. 

Port Republic, Va. 

















SVERDRUP & PARCEL, INC. 
Engineers—Architects 


Comprehensive Control Engineering Services 
Systems analysis and design of automatic controls 
and instrumentation for atomic energy . . . chem- 
ical plants petroleum refineries . .. . steel 


2 © st j 
plants... . test ‘facilities . «+. and other process | 
industries. Boonton, N. J. 


915 Olive Street 


Write or call collect: Personnel Manager 


AIRCRAFT RADIO CORPORATION 


DE 4-1800—Ext. 238 


St. Louis 1, Missouri - ————————— = - ee 


INSTRUMENTATION ENGINEER 


To investigate and evaluate feasibility of plant instr evelop t projects, 
—and to furnish technical advice on instrumentation probl — ineering and pro- 
duction departments. 














Attention 








CONSULTING ENGINEERS 


As you already know, the field of Control En- 
gineering is growing by leaps and bounds 
throughout all industries. What you might not 
know is that many, many companies have 
actually scheduled _ big programs in instru- 

and tic control for 1957. 
Many of these i out of necessity, will 
have to enlist the aid of a Consulting Engi- 
neer to solve problems that will arise result- 
ing from this changeover. 


Candidate must have B.S. in Engineering, and at least three years broad experience in 
plant instrumentation and control work. Ideal experience would have been as application 
engineer for control manufacturer. 


Location—our Research Division, in Pittsburgh. 





Send resume to— 
J. A. HILL 
Research and Development Department 


JONES & LAUGHLIN STEEL CORPORATION 





By offering your specialized services 
pone a professional card in this ‘’Profes- 
sional Services Section’ of Control Engineer- 
ing you will attract new clients. Cards are 
set in standard size and style as shown 

The rates for this service are ex- 
tremely low. $49.20 per quarter on a six- 
month basis—and $45.00 per quarter on a 
twelve month basis. Bills are rendered each 
calendar quarter. Cash discount 2%-10th of 
month following date of invoice. Send 

us your card for the next issue now. 


#3 Gateway Center 


Pittsburgh 30, Pennsylvania 

















TUBE ENGINEER 


“ 5,000 plus per year. Newly created division of 

AAAA Multi-Plant Manufacturing Company. Posi- 
tion open is research, development, manufacturing, 
quality control, and production. This is a once in 
a life time opportunity. Company assumes all ex- 
penses in connection with employment. Contact in 


confidence, 
ONARCH PERSONNEL 
28 E. Jackson Blvd. Chicago 4, Ilinois 








NORTHERN CALIFORNIA Sales Engineers Estab- 
lished 25 Years with Own Shop and Warehouse 
Want Automatic Control, Instrument or Mechanical 
Equipment Line. Calling on Industry Engineers, 
Contractors and Government. 


PAUL W. BEGGS & SON 
314—Seventh Street San Francisco, California 
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‘ 
Engineers... 


Leeds and Northrup Company 
wants to talk with you about 
Engineering openings in: 


‘ 


TECHNICAL SALES 
APPLICATION ENGINEERING 
MANUFACTURING 

PRODUCT ENGINEERING 
RESEARCH & DEVELOPMENT 
SERVICE ENGINEERING 





y, 











a 


— 


MR. WAYNE L. BESSELMAN 


For over 50 years Leeds & Northrup 
has been the world’s foremost manu- 
facturer of Automatic Process Con- 
trol and Scientific Electrical Measur- 
ing Instrumentation. 


If you have an engineering degree 
and are seeking stability of employ- 
ment, favorable salary schedules, 
unusual advancement opportunities 
plus other employee benefits com- 
mensurate with these high standards, 


write us today. 


Build on your past experience in 


any of these fields: 


ELECTRICAL MEASUREMENT & 
CONTROL OF INDUSTRIAL & 
PETRO-CHEMICAL PROCESSING 
POWER GENERATION & 
TRANSMISSION 

SERVO MECHANISMS 

DIGITAL & ANALOG 
COMPUTERS 

COMBUSTION CONTROL 
NUCLEAR REACTORS 


Interviews 
will be held in 
CLEVELAND 


. . during week of Sept. 9th 
through Sept. 13th. 
ments can be arranged at our 
Exhibit Booth 1540 at the Instru- 
ment-Automation Conference and 


Exhibit. 


Appoint- 


Send your resume to— 


Coordinator of 
Technical Employment 


Leeds &Northrup Company 


4918 STENTON AVENUE 
Philadelphia 44, Pa. 














. 


The Test Equipment Engineer is engaged 
primarily in the design of specialized missile 
check-out equipment. As missiles push the 
state of the art, test equipment must exceed 
the missiles in precision and reliability. Auto- 
matic programing, go-no-go evaluation, and 
automatic data processing add up to avto- 
mation in missile testing. 

This engineer is evaluating his design of 
@ precision power supply—one of the build- 
ing blocks that will be system engineered 
into a family of versatile matched missile 
and sub-system test equipment. Engineers 
work as individuals. 


HYDRAULIC DESIGN 


Excellent opportunities are available for the 
engineer to observe the performance of his 
design. Here, under the watchful eyes of its 
designer, a hydraulic power unit is under- 
going adjustment and setting prior to severe 
testing at simulated high altitude conditions. 

Many components, which a few months 
ago seemed almost impossible to design, 
ore now being tested under the severe con- 
ditions required to qualify them for flight 
Operation—and passing with flying colors. 


STEERING INTELLIGENCE 


Two Steering Intelligence Engineers discuss 
space allotment in a new guidance com- 
ponent. This close association of engineers 
with the “flying” equipment is typical of the 
Steering Intelligence Section. Engineers in 
this section are primarily and directly con- 
cerned with refining the guidance equipment 
to steer the missile with greater accuracy, 
ot greater ranges and with simpler and more 
reliable electronic equipment and, con- 
sistently, with minimizing the cost. Work is 
actively in progress in every principal field 
from microwave equipment to inertial end 
instruments. 


EMPLOYMENT OPPORTUNITIES 


10h) 


PRIME CONTRACTOR 
FOR TALOS MISSILE 


Offers more interesting 
and challenging 
job opportunities! 


If you are interested in guided missiles, you 
will be especially interested in Bendix. As 
prime contractor for the important and 
successful Talos Missile, the job opportunities 
here cover the widest possible scope, and the 
opportunities for advancement are practically 
unlimited. 


Here is a compact, hard-hitting organization 
backed by all the resources of the nation-wide 
Bendix Aviation Corporation—an organiza- 
tion dedicated to the design and production 
of the finest in guided missiles. 


If you can accept a challenge, want an oppor- 
tunity to grow with a leader in its field, and 
can accept the responsibility that goes with 
opportunity, send for the thirty-six-page book 
“Your Future in Guided Missiles’. It gives 
the complete, detailed story of the function of 
the various engineering groups and the many 
job opportunities available for you. 


Just fill out the coupon. It may help you plan 
a successful future in the guided missile field. 


Bendix Products Division—Missiles 
404 L, Bendix Drive, South Bend, Indiana 


Gentlemen: | would like more information concerning opportunities in guided 
missiles. Please send me the booklet “Your Future In Guided Missiles”. 


NAME __ 


ADDRESS 


CITY 
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EMPLOYMENT OPPORTUNITIES 


Senior RESEARCH PHYSICIST 
Senior ELECTRONICS ENGINEER 


The new Central Research Laboratory of Continental Can Company has several 
opportunities for versatile scientists and engineers with advanced degrees and indus- 
trial experience to pioneer in the application of acoustics, optics, mathematical 
physics, electronics, rheology, solid state physics, and other fundamental fields to 
long-range industrial problems in such areas as energy conversion, automatic controls, 
instrumentation, and communications. 





The wide variety of materials manufactured or fabricated at high speeds by Con- 
tinental includes metals, glass, plastics, paper, fiber, and combinations of these, and 
provides opportunities for advancing knowledge in many new fields. Research 
facilities of the Company’s new Chicago laboratories are believed second to none, 
and are located so as to allow staff members to live in some of the finest western and 
southern suburbs of the city. Proximity to the John Crerar Library, Armour Research 
Foundation, the University of Chicago, Argonne National Laboratory, and many 
leading maufacturers of scientific and technical equipment enhances professional 
development and expedites accomplishment in chosen fields. 


Staff members will be granted the full degree of individual recognition attainable 
in a total staff of 100 covering the fields of chemistry, metallurgy, engineering, and 
physics, and will have the opportunity to work closely with scientists and engineers 
in the other fields. Salaries and other benefits meet the highest industrial standards. 


Please write, giving a brief resume of qualifications, to Director Physics Re- 
search, Central Research and Engineering Division, Continental Can Co., 
7622 S. Racine Avenue, Chicago 20, Illinois. 




















& @) | ELECTRICAL ENGINEER 


INSTRUCTOR OF 
TECHNICAL EMPLOYES 


Our newly created, expanding technical 
education program in reactor technology 
has created a new type of position for an 
Electrical Engineering Technical Educa- 
tion Associate. 

This is not an ordinary instructor’s job. 
It is a position for a creative young man 
who wants a challenge and who is inter- 
ested in the satisfaction of training to- 
morrow’s leaders for the Industrial giant 
of the future—Atomic Power. You will— 


@ HELP TO CREATE GRADUATE 


ENGINEERING SALES 
positions in 
PROCESS CONTROL INSTRUMENTATION 


= field or home office - 





Interested in a sales engineering career in the field of 
instrumentation and automation? We are looking for 





qualified engineering graduates, preferably chemical or 
electrical, between 25 and 35 years of age, with a few 
years’ experience in instrumentation, engineering sales, 
or industrial processing. 

Field locations are New York, Cleveland, Atlanta, Chi- 
cago, Houston, San Francisco. 

Home office openings in product and industry sales en- 
gineering groups involve occasional traveling. 

Sales aptitude tests given at our expense, plus thorough 
training course at home office (Foxboro, Mass.) for suc- 
cessful applicants. 

If you feel you are qualified for a permanent sales en- 
gineering position in this expanding industry, please 
write (giving outline of education and experience) to 
The Foxboro Company, Foxboro, Massachusetts, 


OXBOR 


Reg. U.S. Pat. Off. 





LEVEL ELECTRICAL ENGINEERING 
COURSES. 

@ LECTURE ENGINEERING STAFF ON 
SUCH FIELDS AS MAGNETIC AM- 
PLIFIERS; NUCLEAR INSTRUMEN- 
TATION AND CONTROL; ETC. 

@ RECEIVE FULL ORIENTATION INTO 
THIS FIELD BY ASSIGNMENT AT 
OUR ATOMIC POWER LABORA- 
TORIES; AND ATTENDING FORMAL 
COURSES IN THESE AREAS. 

@ ACT AS ENGINEERING CONSULT- 
ANT TO OUR TECHNICAL STAFF. 


You should have MSME or equivalent with 
2 to 10 years experience, some of which 
should be in instruction of technical stu- 
dents. Excellent benefits plus growth po- 
tential. Liberal relocation allowance. 


Send complete resume including salary 
requirements to 


Director Technical Education, Dept. M-11 


Westinghouse 


ELECTRIC CORPORATION 
P. 0. Box 1047 
Pittsburgh 30, Pennsylvania 














CONTROL ENGINEERING 





EMPLOYMENT OPPORTUNITIES 


Engineers do better at ‘ 
BENDIX PRODUCTS DIVISION Here 1S 
Are you interested in Real Engineering 


COMPUTER 
APPLICATIONS 


ENGINEERING 
ANALYSIS? 


A recent expansion of equipment and 
building for the Computer Center pro- 
vides many opportunities for increased 
responsibilities and association with the 
latest available equipment. Computer 
experience is desirable but not necessary. 
Openings are available for engineers, 
applied physicists, and applied mathe- 
maticians without previous computer 
experience interested in analysis and com- 
puter applications. On-the-job training 
in the use of computers is given. 
Installation includes Electronic Analog, 
Digital Differential Analyzer, General- 
Purpose Digital Computer, and Jet En- 
gine Simulator for complete analysis of “ . . compressor stall prevention, turbine temperature 
control and structural problems with di- protection, optimization of power plant efficiency, 
versified applications as associated with— minimization of oscillatory tendencies . . . To do all these 
%& TURBOJET, RAM-JET, AND ROCKET and more, controls must be reliable, lightweight, minia- 
ENGINE CONTROL SYSTEMS ture pieces of hardware. With small - — engines, 
ic AIRCRAFT SHOCK STRUTS, WHEELS pee pad syste ms 4 era — ex. Only creative 
AND BRAKES, AND HYDRAULICS and inventive minds can produce em. 





+r AUTOMOTIVE BRAKES, POWER BRAKES Though stubborn, our controls problems are not 
AND STEERING : insoluble. Witness our development contracts for the 
: T58 turboshaft, J85 turbojet, T64 “convertible.” 
Future plans call for operational 


research application. But every day brings many more problems. These 

Seail mn petteaias df roms educa are waiting for you, at General Electric's Small Aircraft 
and engineering background to: Engine Department. 

Mr. J. P. Makielski Designing and packaging ingenious hardware .. . 

Technical Employment systems analysis and evaluation . . . developing new 

Rentlie Products Cieision control concepts . . . simulated flight tests — our new 

702 Bendix Drives South Rend. indians brochure discusses all these activities, an exciting picture 

° of controls engineering at its best. 


Today, you can learn about the creative free reign, 
individual responsibility, skilled drafting assistance, the 
most advanced computer facilities, and true professional 
atmosphere in this decentralized department. 


TO RECEIVE YOUR COPY of “Controls Engineering at Gen- 


eral Electric's Small Aircraft Engine Departmeant’’, and information 


on immediate placement opportunities: 


PRODUCTS Phone collect Lynn 8-1805. Or write in complete confidence, 
DIVISION stating your present position and educational background. 


SS | Mr. Roger Hawk 


Th a Re oe dea Technical Recruiting 
eT... SMALL AIRCRAFT ENGINE DEPARTMENT 
the brighter the future 


—— GENERAL (8) ELECTRIC 


opportunities is far wider and advancement 
opportunities greater with a company operat- 
ax aa See Goats 4 Geena 1059 Western Avenue West Lynn, Mass. 


neering and manufacturing. 
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EMPLOYMENT OPPORTUNITIES 





The Field 


Nucleonics . . . 
Applications of 
nuclear radiation 
in industry, medi- 


cine and research— 


peacetime atom— 


ing opportunities 
and challenges of 


tomorrow . . . today! 


firm serving all pha- 
ses of the nuclear 
field—from research 
to industry... 
leader of peacetime 
uses of atomic radi- 
ation, continuing 

to pioneer in 


instrumentation, 


and constructive 


The Positions 


Unique . . . at various 
levels including 
engineering manage- 
ment in: industrial 
control, medical 
instrumentation, 
reactor monitoring 
systems and special 
nuclear apparatus. 
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Assignments are in 
design, development, 


application and test 


or Master’s in electronic, 
electrical, mechanical 


Le 


engineering or physics | 


are desired. 


Write in confidence to: 





the field of the | 





11¢. 


D 


1601 Trapelo Road 
Waltham 54, Mass. 


CONTROL 


a field of infin- 


ite potential offer- | 


The Company | 


First and foremost 


world 


| 
| 
| 


isotopes, X-ray 


automation! | 





engineering. Bachelor's | 


Tracerlab | 


ENGINEERING 


WHAT'S 


I. F. F.? 


(See bottom of column) 








INSTRUMENT AND 
CONTROL ENGINEER 


Application Engi in instr 

and control. Must be capable of ae 
ing complete instrumentation and control 
systems for conventional process or power 
plant applications and test projects. 


Salary commensurate with ability and ex- 
perience. 


Will assist in instrumentation and control 
work on the fast b ype 
Experience is essential but does not have 
to be ciat with 1 projects. 











For further information write 


P. AMERMAN 
ATOMIC POWER 
DEVELOPMENT 
ASSOCIATES, INC. 
1911 First Street 
Detroit 26, Michigan 


MARKET RESEARCH ASSISTANT 


ELECTRICAL ENGINEER, or MECHANICAL 
ENGINEER with some electrical back- 
ground, interested in MARKET RESEARCH 
with manufacturer of recording and con- 
trolling instruments. Work involves field 
surveys on instruments for process manu- 
facturing and utilities industries, and pre- 
paring comprehensive reports; also sales 
analysis. Send Personal Resume with eal- 
ary requirements to: C. R. DeArman, Mgr. 
Market Research, The Bristol Company, 
Waterbury 20, Connecticut. 








SALES REPRESENTATIVES WANTED 


East Coast manufacturer of Voice Frequency Car- 
rier and Telemetering equipment has need of an 
established manufacturer’s representative in the 
Los Angeles and San Francisco area. Prospective 
customers include utilities, pipe tines, oil com- 
panies, telephone companies, and other organiza- 
tions with telecommunication, telemetering, and 
control requirements. Equipment manufactured is 
of latest design and has been widely accepted 
throughout the country. Working knowledge of 
carrier and telemetering applications is necessary. 


RADIO FREQUENCY 


LABORATORIES, INC. 
BOONTON, NEW JERSEY 

















ELECTRICAL ENGINEERS 


WANTED for development work on in- 
dustrial instruments and automation. This 
involves electronically actuated industrial 
instruments, telemetering, electronic con- 
trol and _ self-balancing recorders. Expe- 
rienced Electrical Engineering graduates 

working knowledge of servo mecha- 
nisms preferred. Liberal paid benefits in- 
cluding insurance, hospitalization, and 
pension. Send your reply to: 


W. D. McCREA, CHIEF ENGINEER 
THE BRISTOL COMPANY 


Waterbury 20, Connecticut 


AUTOMATIC CONTROLS 


SYSTEMS FIELD ENGINEER 


As a leader in the use of Systems Approach 
to Aeronautical Test Facilities and industrial 
Process Control Systems, we have one career 
opening with outstanding growth potential 
for the man who possesses the unusual com- 
bination of electronic, hydraulic and mechan- 
ical know-how, and enjoys the satisfaction 
of making components function as o system 
Top salory, liberal benefits. Some travel. BS 
or practical equivalent required. 


Send resume to— 
CDC Control Services, Inc. 


400 S. WARMINSTER RD. 
Hatbore, Pa. 














LF.F. means Identification-Friend- 
or-Foe. A system of challenge and 
response by radar. 


Be your own best friend and in- 
vestigate the challenging potential 
of your own future with ASCOP. 
Many unusual opportunities exist 
at this very moment. Call or write, 
Technical Personnel Manager. 


ELECTRONIC ENGINEERS 
Skilled In 
Data Acquisition 
Data Handling 
RF Techniques 
Circuit Design 
Transistor Applications 
Technical Writing 


APPLIED SCIENCE CORP. 
OF PRINCETON 
22 Wallace Rd., Princeton, N.J. 
Phone PLainsboro 3-4141 
Dept. B, 15551 Cabrito Road 
Van Nuys, Calif. 
Phone State 2-7030 





FOR RATES OR INFORMATION 
About Classified Advertising 


Contact The McGraw-Hill 
Office Nearest you. 


LOS ANGELES, 17 
1125 W. 6th St. 
MAdison 6-935! 
D. McMILLAN 

P. CARBERRY 


ATLANTA, 3 
1301 Rhodes- 
Haverty Bldg. 
JAckson 3-6951 
R. POWELL 


BOSTON, 16 
350 Park Square 
HUbbard 2-7160 


J. WARTH 
D. COSTER 

CHICAGO, 11 S. HENRY 

520 No. Michigan Ave.p LAWLESS 

MOhawk 4-5800 

J. BRENNAN 

W. HIGGENS 


DALLAS, 2 

1712 Commerce St. 
Vaughn Bidg. 
Riverside 7-5117 
G. JONES 


NEW YORK, 36 
500 Fifth Ave. 
OXford 3-5959 


PHILADELPHIA, 3 

17th & Sansom St. 

Rittenhouse 6-0670 
H. BOZARTH 

R. EDSALL 


ST. LOUIS, 8 
3615 Olive St. 
JEfferson 5-4867 
F. HOLLAND 


DENVER, 2 

1740 Broadway 
Mile High Center 
Alpine 5-2981 

J. PATTEN 


DETROIT, 26 SAN FRANCISCO, 4 
856 Penobscot Bidg. 68 Post St. 
WOodward 2-1793 DOuglas 2-4600 

W. STONE W. WOOLSTON 




















you can 
help put the 
first 
nuclear 
powered 
plane 
in the air 
at the AIRCRAFT NUCLEAR 
PROPULSION DEPARTMENT 
OF GENERAL ELECTRIC 


Think of contributing to one of 
the most important events in 
aviation history .. . helping 
bring out an engine that has un- 
limited range . . . where fuel 
can be measured in pounds per 
day rather than thousands of 
pounds per hour. 


Yes ... an engineer can make 
a name for himself here and 
he doesn’t need previous nuclear 
training to do it. 


If you have from 1 to 5 years 
experience and enough flexibil- 
ity of mind to apply your tech- 
nical knowledge to new fields— 
you can start work immediately 
in project areas like these: 

© CONTROLS AND INSTRUMENTATION 


(pneumatic, hydraulic, electrical, 
magnetic, servos) 


© PRINTED CIRCUIT DESIGN 


@ ENVIRONMENTAL TESTING FOR 
REACTORS, TURBOJET ENGINES 
AND ASSOCIATED POWER PLANT 
EQUIPMENT 


® ANALOG SIMULATION 


Your conventional skills will be 
fully utilized, you'll learn new 
ones on the job—either through 
consultation with experts, 
courses in nuclear technology at 
the plant, or graduate study on 
a 100% Tuition Refund Plan. 
FREQUENT MERIT REVIEWS 
OUTSTANDING BENEFITS 
RELOCATION EXPENSES PAID 
PUBLICATION OF TECHNICAL 
PAPERS IS ENCOURAGED 


Choice of two locations: 


CINCINNATI, OHIO 
IDAHO FALLS, IDAHO 


Write is confidence, stating salary 
requirements, to location you prefer 


J. R. Rosselot, P. O. Box 132 


Cincinnati, Ohio 


L. A. Munther, P. O. Box 535 
Idaho Falls, Idaho 


GENERAL @@ ELECTRIC 











EMPLOYMENT OPPORTUNITIES 


GOING UP with 
SPERRY 
in PHOENIX? 


Isn't this, after all, what you 
are working toward: pleasant, 
comfortable, wholesome sur- 
roundings for your family .. . 
professional success and recog- 
nition for yourself? 


These benefits, in generous measure, 
await the select few engineers who 
will join the basic staff—the “start- 
ing team” — of Sperry Phoenix Com- 
pany, a firm that’s going up in the 
business world. This new, important 
division of Sperry Rand Corporation 
is located in sunny Phoenix, Arizona 

_. @ city famed for electronics 
activity as well as superb climate 
and beauty. 





HERE’S THE KIND OF WORK YOU'D DO... 
This vigorous new Sperry division offers stimu- 
lating work in flight control systems. Engineers 
who join the “starting team’’ now will form 
an engineering nucleus for research, develop- 
ment and application of systems and equip- 
ment including data sensors, gyroscopics and 
advanced electronics. As is traditional with 
Sperry, creative ideas will be welcomed — will 
be expected, in fact—at progress-minded Sperry 
Phoenix Company. 


YOUR FINANCIAL OUTLOOK... 

Only highly-qualified men can fill these ‘‘start- 
ing team"’ positions, and we're prepared to pay 
for the best. Starting salaries and opportunities 
for increases are on a par with the nation’s 
highest. Security, too, is assured by the fact 


SEND NO RESUME. SIMPLY RETURN COUPON... 


that over half the combined production of all 
Sperry Rand divisions goes to the steadily- 
growing civilian market. 


YOUR BONUS: A WONDERFUL PLACE TO LIVE... 
In Arizona’s fabulous Valley of the Sun, your 
family will thrive on warm, dry winters... 
year-around outdoor fun .. . spectacular and 
varied natural attractions. You'll appreciate the 
courtesy and cheerful friendliness of the West. 
Schools in growing Phoenix are new, neat, 
modern (and advanced studies are available to 
you, too, at nearby colleges). Housing costs are 
among the nation’s lowest. No traffic problems. 
No smog, fog or smoke. Few cities, if any, can 
match Phoenix for enjoyable, relaxed family life 
combined with big-city conveniences and cul- 
tural activities. 


If you believe you are qualified 


for advanced flight control systems and associated aircraft equipment engineering, 
return this coupon without delay while these rare “‘starting team’’ positions are 
still open. By return mail you wil! receive an application. Mail the coupon now... 
this is an unusual opportunity for you and your family! 


SPERRY 
PHOENIX 


“Win” Ames 


Sperry Phoenix Company @ P. O. Box 2529, Phoenix, Ariz. 


I’m interested! Please send me a confidential application 


COMPANY 


NAME 





DIVISION OF SPERRY RAND 


CORPORATION ADDRESS 





CITY 


ZONE STATE 





PHOENIX, ARIZONA 


C-97 
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| 
ENGINEERS § 


Top flight, experienced engi- 
ners are at a premium. Yet, we 
at Colorado Research have a 
team of skilled engineering per- 
sonnel ready, willing and able 
to work for you on virtually 
any basis you choose. Investi- 
gate the advantages of CRC’s 
outside research . . . as others 
have done. You'll find it pays 
in results...and economy. 


HOW WE OPERATE! 


TEAMWORK 
Working as a team, 
our personnel solve 
research, develop- 
ment and manufac- 
turing problems 
quickly and effec- 
tively. 


FACILITIES 
Our fully equipped 
laboratory & plant 
... available as an 
_ adjunct to your fa- 
cilities. 


VERSATILITY —'s 
We offer research er 
and development ed . 
services, product / 
design and manu- 


facturing. 


AREAS OF 
SPECIALIZATION 


Guided missle range 
instrumentation 
Computer development 
Data reduction systems 
Antennas and radiatior. 
Telecommunications 
Control Systems 


CORPORATION 
VANS 


DENVER 22, COLORADO 
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| WHAT'S AHEAD: MEETINGS 


AUGUST 


American Institute of Electrical Engi- 
neers, Pacific General Meeting, 
Pasco High School, Pasco, Wash. 

Aug. 26-30 


Instrument Society of America, First 


International Symposium on Gas 
Chromatography, Michigan State 
University, Kellogg Center, East 
Lansing, Mich. Aug. 28-30 


SEPTEMBER 


Institute of Radio Engineers, PGIE, 
2nd Special Technical Conference 
on Magnetic Amplifiers, Hotel Penn 
Sheraton, Pittsburgh. Sept. 4-6 


Instrument Society of America, 12th 
Annual International Conference 
and Exhibit, Cleveland Auditorium, 
Cleveland, Ohio Sept. 9-13 


Institute of Radio Engineers, Sym- 
posium on Industrial Electronics, 
(transducers, components, and sys- 
tems for electronic control), Morri- 
son Hotel, Chicago Sept. 24-25 


OCTOBER 


National Electronics Conference, 13th 
Annual, Hotel Sherman, Chicago 
Oct. 7-9 


American Institute of Electrical Engi- 
neers, Fall General Meeting, Hotel 
Morrison, Chicago Oct. 7-11 


American Institute of Electrical En- 
gineers, Feedback Control Systems 
Committee, “Computers in Con- 
trol Symposium”, co-sponsored by 
IRE, Professional Group on Auto- 
matic Control, and ASME-IRD, 
Chalfonte-Haddon Hall Hotel, At- 
lantic City, N. J. Oct. 16-18 


Institute of Radio Engineers, Cana- 
dian Convention, Exhibition Park, 
Toronto, Can. Oct. 16-18 


National Conference on Industrial Hy- 
draulics, sponsored by Armour Re- 
search Foundation and Illinois In- 
stitute of Technology, Hotel Sher- 
man, Chicago Oct. 17-18 


Computer Application Symposium, 
sponsored by Armour Research 
Foundation, (registration fee of $35 
includes luncheons), Hotel Sher- 
man, Chicago Oct. 24-25 


Institute of Radio Engineers, East 
Coast Aeronautical and Naviga- 
tional Conference, Lord Baltimore 
Hotel and 7th Regiment Armory, 
Baltimore, Md. Oct. 28-30 








at haat! 


An Analog Computer For The 
““WORKING-LEVEL” 
ENGINEER 


_ 
PEE lel e 
| aia 
firs 

es sean 
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MCDEL 103A 


This easily-operated unit will in- 
crease the effectiveness of re- 
search, development and engi- 
neering personnel by greatly 
reducing the time required for 
the solution of differential, simul- 
taneous and non-linear equations 
in the laboratory. Perfect for 
“bread boarding” laboratory set- 
ups of complex systems by the 
working level engineer. 


HERE’S WHY... 


WORKHORSE 
An _ indispensable 
everday tool de- 
signed to perform 
a wide range of 
computations in 
either repetitive or 
real-time. 
LITTLE EXPERI- 
ENCE REQUIRED 
Inexperienced person- 
mel can successfully 
cS solve systems of equa- 
tions and _ simulate 
physical phenomena 
¢ with this unit. 


REASONABLY 

PRICED . 
Basic unit, including 
amplifiers and func- 


tion networks priced 
from $8000. 


FEATURES: 


.. no circuits to be wired. 
.. greatly simplified problem 
set-up. 
. 1% precision components 
throughout. 
.. regulated and metered 
power supply. 
.. clamped integrators. 
.. amplifier over-load 
indicators. 
.. eight types of standard 
function networks available. 


Write for Free Iilustrated Literature 
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DENVER 22, COLORADO 











WHY it trRimMerRS? 


TYPE RV% 


TYPE RV'% 


TIC, originator of trimmer pots, combines advanced design tech- 
niques and craftsmanship in its miniature and subminiature 
precision trimmer potentiometers. Pot size ranges from 3 inch to 
7% inch ... power ranges up to 4 watts. 


TIC pots provide the ultimate in: 
® Long Term Reliability 
by use of precious metal contacts 
— low temperature coefficient of 
resistance 


© Rugged Construction 
for resistance to shock and 
vibration 

@ Flexibility of Design Applications 
a variety of shapes for optimum 
space use 

© High Resolution 


@ Sealing Design Techniques 
provides protection against mois- 
ture and salt spray 





TYPE 
RFT* 
RWT 
RV 2 1 wire wound 
RV%  lwirewound 


TURNS 
25 metallic film 


TEMPERATURE RANGE 
—55° to +125°C 
—55° to +95°C 

55° to +145°C 

55° to +145°C 


RESISTANCE RANGE 
50 to 25Kohms 
50 to 15K ohms 
50 to 100K ohms — 
~ 100 to 100K ohms 
* Optimum spacing — as many as 7 in area of 1 sq. in. 
All designed for the most stringent aircraft and rocket applications. 








25 wire wound 














All units are available from stock in production quantities. 


Complete information on request. 


E BLECHNOLOGY INST 


523 Main Street, Acton, Mass. 


TYPE RFT* 


TYPE RWT 


These advanced design features 
provide for wide applications: 


> Threshold voltage adjustment 

» Fixed gain adjustment 

» Parameter compensation 

> Critical magnetic and electric bias 
p Establishing circuit values 

p> Padding 

> Balancing adjustments 


» Adjusting scale factors 





RUMENT CORP: 


COlonial 3-7711 





new magnetic flowmeter 


Obstructionless, trouble-free! 
the big attractions of F & P’s 
my new magnetic flowmeter. 

' This highly accurate flow- 
meter requires no long meter- 
ing runs, has no line obstruc- 
tions, causes no pressure drop 
... and measures fluid veloc- 
ity directly! Ideal for meter- 
ing and blending a variety of 
fluids, paper pulp, slurries, 
and corrosive liquids. 


new improved pneumatic 
controller 


Balance-type pneumatic con- 
' troller has outstanding static 
and dynamic performance 
characteristics. New features 
include non-bleed type am- 
plifying relay of increased ca- 
pacity, yet reduced steady- 
state air consumption, plus 
a marked increase in the gain 
of the error detection circuit 
through a ‘‘regenerative’’ 
feedback system. This im- 
proves linearity and increases 
nozzle flapper clearance, re- 
ducing flapper motion re- 
quirements. 


automatic data logger 


Modular construction of this 
F & P new Series 1200 scan- 
ner-logger assures flexibility 
and adaptability to process 
change and expansion. Series 
1200 accepts any combination 
of up to 200 inputs, scans and 
compares them against set 
limits at 5 points per second, 
and periodically logs all points 
at 1 point per second. 


products 


WHAT TO SEE AT ISA ideas 


applications 


e® new series of corrosion- 
proof instruments 


Housed in reinforced fiber 
glass cases, F & P’s new line 
of small indicators, transmit- 
ters, and controllers are as 
corrosion resistant as the 
equipment they control! The 

ber glass case and all ex- 
posed fittings resist the de- 
teriorating effects of acids, 
alkalis, salts, solvents, dust, 
and weather. 


new differential pressure 
transmitter 


This force-balance differen- 
tial pressure transmitter fea- 
tures adjustable internal 
damping. Transmitter range 
is adjustable from 0-20 to 
0-200 inches of water at static 
pressures up to 1500 psi. 
Unique design provides com- 
plete overrange protection 
and excellent temperature 
and static pressure stability. 
The entire unit is free from 
pipe strain effects. Wetted 
parts can be supplied in a 
variety of materials. 


For more information on the products shown 
above, write to Fischer & Porter Company, 797 
County Line Road, Hatboro, Pa. In Canada, 
write Fischer & Porter (Canada) Ltd., 2700 Jane 
Street, Toronto, Ontario. 


* See full page advertisements shown elsewhere in this 
magazine. 


SEE YOU AT BOOTH 1344 


FISCHER & PORTER CO. 


Complete Process Instrumentation 





